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ABSTRACT

The interaction of an underexpanded hydrogen jet coaxially injected
into supersonic flow is investigated experimentally. Experimental re-
sults are ¢ scussed and analyzed. Comparisons are made between the
experimental results and theoretical predictions computed using an ana-

lytical technique. Changes to improve the theory are suggested.
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SUMMARY

An experimental data base for the injectior, mixing, and comhustion
of an underexpanded hydrogen jet in a supersonic test stream has been
obtained. Experimental pitot pressure data have been compared with theo-
retical predictions.

The experimental tests were conducted with both air and nitrogen as
test media which led to reacting and nonreacting flo.'s, respectively.
Tests were conducted in a free-jet and in a duv ‘ted mode. Theoretical
values were computed using two different viscosity models and a wi.e
range of Prandtl number (0.7 to 1l.4) with a Lewis anumber of 1.

The comparison of the experimental and theoretical data indicatus
that the theory is inadequate for predicting the flow field resulting
from the injection of an underexpanded (hydrogen) jet into supersonic

flow. Suggestions are made for improving the theory.



CHAPTER 1

INTRODUCTION

The hydrogen fueled supersonic combustion ramjet (scramjet) engine
is envisioned as the prime candidate to fill the propulsion requirements
for future hypersonic aircraft. However, feasible scramjet engines face
problems in several technological areas. (Status evaluations of the
scranjet concept may be found in references 1, 2, 3, and 4.) Three such
areas are of concern in this work. These are the injection, mixing, and
combustion of hydrogen. Note that the last twec are directly related to
the first by the following sequence: injection controls mixing and mix-
ing conirols combustion. As a result, fuel injection holds an important
position in the total scrumjet problem. Thus, it is not surprising that
numerous fuel - iection schemes have been investigated in both cold and
hot supersonic flows, Simplicity in flow field modeling has made paral-
lel coaxial injection the scheme most widely investigated (references 5,
6, eand 7 present investigations of this type).

These previous investigations of coaxial injection were limited to
cases where injactor exit pressure matched the test stream static pres-
sure. These matched pressure cases were selected primarily because the
theory available was designed t» handle them.

On the other hand, recent theory (see references 8 and 9) is design-
ed to handle tl.e more complex underexpanded (jet pressure greacer than
the test stream cstatic pressure) injection. The significance of such a

theory becomes apparent when one rotes tnat any practical scramjet engine



is likely to use hydrogen injection by an underexpanded jet.

In fact, all scramjet engines must be capable of operating with
underexpanded injection, although this may not be the primary type of
injection. However, a search of the literature indicate« hat there
was very little information on an underexpanded hydrogen jet coaxially
injected into supersonic flow., Particular information, such as data on
the unierexpansion (exit) shock wave's affect on the hydrogen mixing and
combustion, is completely lacking. The present investigation was there-
fore undertaken to experimentally determine some of the fundamental
characteristics of the mixing and combustion of an underexpanded hydrogen
jet in supersonic flow. In addition, the theory of reference 8 was test-
ed by comparing experimental data with theoretical data computed using

the computer program (reference 9) based on th.- theory of reference 8.



CHAPTER 11
APPARATUS AND INSTRUMENTATION

Facility and Test Conditioms

The experimental portion of this work was conducted in the Langley
11-Inch Ceramic-Heated Tunnel. This facility, described in reference 10,
has a bed of zirconia pebbles which is heated by the combustion products
from a propane burner. The products from the burner are passed through
the bed until the desired stagnation temperature is reached. The hot
test gas is obtained by passing the test medium (air or nitrogen) through
the heated pebbles. In this manner, test gas total temperatures up to
2530 K (maximum usage temperature of the zirconia pebbles) can be fur-
nished with a maximum stagnation pressure of 4 MN/mZ.

For the purpose of the present tests, the facility was fitted with
the Mach 2 test stream nozzle which is a scaled version of one given in
reference 11. This axisymmetric nozzle was constructed of stainless-
steel and cooled by about 6 kg/sec of water. The facility was operated
in two modes, a free-jet mode and a d:~ted mode. In the ducted mode,
the ducting around the supersonic flow formed a circular combustor. A
schematic of the facility (in the ducted mode configuration) is given in
figure 1. The free-jet mode configuration is obtained by removing the
constant area duct whic' extends from piane A-A to plane B-B of figure 1.
In each configuration, the exit plane of the Mach 2 hydrogen injector
nozzle was 0.3175 cm downstream of the exit plane of the test stream

nozzle, Tests were conducted with both air and nitrogen as test media,
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and for all tests the total temperature of the test stream was 2167 K,
with a nozzle exit (static) temperature of 1338 K, This temperature was
high enough to give ignition without a pilot flame or ignitor. The
stagnation pressure ranged from 0.759 to 0.858 MN/mZ, which gave rise to
test gas flow rates of 1.23 to 1.39 kg/sec and nozzle exit (static)
pressures of 0.099 to 0.112 MNlmz.

A summary of the test conditions is presented in Table I.

Hydrogen Injector

The hydrogen injector, which was mounted coaxial with the main noz-
zle, is a 0.953 cm (3/8 in) stainless-steel tube with a 5° conical nozzle
at the exit. This nozzle, with a 0.635 cm exit diameter and 0.488 cm
throat diameter, gives a nominal exit Mach number of 2. The injector
exit lip thickness is 0.159 cm.

This injector 1lip of finite thickness introduces the problem of
vake effects in the base region of the injector. However, it is considered
to be a good compromise between the ideal and technically practical noz-
zle. 1deally, for ease of analysis, the injector should have an infi-
nately thin 1lip, and parallel flow at its exit. Unfortunately, the
contoured nozzle needed to fulfill these ideal conditions cannot be
built and a compromise must be sought. If the requirement of parallel
flow is dropped, the infinitely thin 1lip can be approcached by at least
two designs. One is the boattail conical type nozzle given in figure 2,
This design produces two undesirable results. First, the boattail causes

the test flow to expand to a lower pressure, and second, the expansion



Table 1

TEST CONDITIONS

% P o Py Ej_ Re x16°| ™ lill-l2 Test
3 MN/m2 MNIm2 @ kg/sec |kg/sec Type
1.5 0.789 0.103 2.03 2.446 1.302 0.015 A-FJ ]
19 0.79% 0.103 2.031 2.460 1.307 0.015 A-FJ
30 0.802 0.104 2,189 2.485 1.320 0.016 A-FJ
40 0.80 0.104 2.138 2.478 1.316 0.016 A-FJ
56 0.817 0.106 2.022 2.531 1.345 0.015 A-FJ
80 0.791 0.103 2.136 2.451 1.302 0.016 A-FJ

1.5%.5 0.792 0.103 2.292 2.452 1.281 0.017 N-FJ
19 0.794 0.103 2.269 2.460 1.285 0.017 N-FJ
30 0.806 0.105 2.356 2.498 1.305 0.018 N-FJ
40 0.782 0.102 2.123 2.425 1.267 0.016 N-FJ
56 0.842 0.11 2.054 2.609 1.363 t 0lé6 N-FJ
80 0.779 0.101 2.205 2.413 1.260 0.0.6 N-FJ
30 0.817 0.106 2.101 2.530 1.343 0.016 A-D
40 0.812 0.106 1.952 2.517 1.336 0.015 A-D
96 0.811 0.106 1.966 2.511 1.334 0.015 A-D-——
144 0.819 0.107 2.11 2.538 1.348 0.016 A-D
30 0.759 0.099 2 285 2.352 1.229 0.016 N-D
40 0.833 0.109 2.035 2.582 1.349 0.016 N-D
26 0.781 0.102 *.996 2.422 1.265 0.015 N-D
144 0.858 0.112 2.05 2.657 1.388 0.016 N-D
A - Alr FJ - Free Jet N - Nitrogen D - Ducted %- = Duct Length

3
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turns the flow (near the injector) so that it is no longer parallel with
the rest of the test stream. The other design is the one of figure 3,
where the boattail has been eliminated. Unfortunately, this design
suffers from the increased chance of separation of boundary layer on the
injector. Such separation of boundary layer would be caused by inter -
action with the exit shock and the jet flow. If a nozzle of this design
is cut off (see figure 3), the resulting nozzle has a finite lip thick-
ness with a base region. Although the wake effects of this region can-
not be computed close to the base, the probability of boundary layer
separation is reduced. This result is obtained from the fact that the
boundary layer can bleed into the wake and the compression effects of
the divergent flow are eased. It was felt that the exit thickness
(0.159 cm) of the injector chosen was sufficient to prevent separation
but small enough to get a far field (several rj's) solution for the wake
region. It is also pointed out that the experimental data of reference
12 indicates that the jet spreads better when injected from a blunt body
of this type. Increased spreading (mixing) suggests better burning.
This design was therefore adopted for the present investigationms.

The cooling needed to protect the injector during each test is pro-
vided by the injectant (hydrogen). In the present tests, the hydrogen
supplied at ambient temperature was heated to a total temperature of
approximately 470 K as it cooled the injector before injection into the
stream. With this‘'total temperature, and stagnation pressures ranging
from 1.59 to 1.94 MN/mZ, the injector supplied hydrogen mags flow rates

of 0.015 to 0.018 kg/sec. The resulting equivalence ratio, based on
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11

total flow in the test stream nozzle, varied from 0.381 to 0.467 and
the exit (static) pressures ranged from 0.203 to 0.248 MN/mz. The in-
jector exit pressure was therefore about 2 times the test stream static

pressure for each test, and the injected hydrogen was thus underexpanded.

Circular Combustor

In the ducted mode, constant area ducts of four different lengths
(9.53, 12.70, 30.48, and 45.72 cm) were individually attached to the
facility nozzle to form circular combustors. These combustors, con-
structed of stainless-steel, are uncooled (heat sink) and have numerous
pressure orifices for measuring static pressure. The orifices are ar-
ranged in three rows (designated P, Q, and R in figure 4) that run
axially along the duct with each row spaced 120° apart. A schematic of
the 12.7 cm combustor, accompanied by a table summarizing the orifice

locations for all four ducts, is given in figure 4.

Pitot Probes
The pitot probes used in the present tests were of two different
« s3igns. Ope design is a modified version of a probe developed by the
Applied Physics Laboratory of Johns Hopkins University and reported in
reference 13. It has an outside diameter cof 0.635 cm and a tip half-
angle f 30° (see figure 5 for details of probe tip). The other design
is a slightly modified version of a probe described in reference 1l4. It
has an outside tip of 0.914 cm and a tip half-angle of 20° (see figure

6 for details of probe).
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Probes of both designs were water-cooled by a no return method. 1In
this method, water is suppiicd through a single passage in the main body
of the probe, sprayed against the rear of the probe tip, and then ‘nject-
ed into the test stream at a location behind the pressure sensing region.
Oncz in the test strean, the water is swept downstream over the probe
body furnishing further cooling.

Pitot-pressure profiles were obtained with a single moving probe
which was driven perpendicularly across the flow field at a rate of
approximately 0.5 cm/sec by a dc motor. Comparisons of pitot pressures
taken at the same points with the probe moving and stationary indicated
that response of the pressure transducer was sufficient to give accurate
measurements while moving. In addition, probes of either design gave the

same recults for identical test conditions.

Photographs and Shadowgraphs

Data obtained in the form of photographic records were of two types:
black and white movies, and shadowgraphs. The movies were taken at a
frame rate that varied from 20 to 64 frames/sec. They were used to check
the pitot probe alinement and vibration. The shadowgraphs were taken at
a constant frame rate of 24 frames/sec. They were used to define the
fiow quality and are gquite valuable for analyzing the flow field.

Photographic records of bo.h types were obtained on 16 mm black and
white mrvie film with an AS. number of 400 (Lin number of 27). The total
photographic records will not be inciuded in this work. However, an exam-

ple of the shadowgraphs are given in figure 7.



{a] Test stream and jet.

{b) FPlow-up of wave structure.

Figure 7.~ Shadowgraph of the test stream and jet in tle free-jet
mode with conmbustion.
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Example of Pitot Test Data

Although the majority of the test data is to be presented in Chapt-r
IV, the exit pitot surveys are introduced here to provide a feel for the
experimental data. In figures 8 and 9, radial exit pitot pressure pro-
files for the free-jet reacting and nonreacting cases are given respec-
tively. Both profiles have the same general shape, however their peak
(centerline) values are not equal. The nonreacting peak value is less
than the reacting, since it is taken at an axial location slightly down-
stream of the axial location of the reacting case. The solid line >f
both figures is a straight line connection of adjacent .ata points in-
tended as a guide to the data trend.

Since both cases have the same shape, only one discussion will be
offered. This discussion uses the letters common to both of these fig-
ures, and the flow schematic of figure 10. The pitot pressure varies
craaially in the following manner. The pressure decrease in going from
points a to b is due partly to the radial travel across the conical
jet flow field, and partly to an expansion fan from the injector lip.
Both processes result in higher Mach numbers, and thus lower pitot pres-
sures. Tn. small peak at c¢ is the result of the shock wave which
terminates the expansion fan. The decrease in pressure from c¢ to d
is due to the shock wave indicated at c¢ and the fact that d 1is in
the base region of the inject~r. The shock inc¢ .ated at ¢ 1is a curved
shock which extends from the injector lip at the exit to the centerline
at a slight'y downstream location. Thus, much of the region ¢ to d

is behind the curved shock, whose strength varies from a minimum near the
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Test stream mixing boundary
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Expansion fan with
\1ntersecting shock wave

Survey location

Figure 10.- A schematic of

the free~jet flow field with

various prominent features at the survey
location labeled.
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injector lip to a maximum at the centerline. The strength variation in
this region produces a radial pitot pressure profile which varies in the
same direction (minimum to maximum), whereas the radial Mach number pro-
file varies in the opposite direction. In idealized flow, d would be
the location of a slip line separating the test stream and jet flow. In
the present work, the radial region near d 1is probably a mixing bound-
ary. Point e 1is the underexpansion or exit shock wave which extends
from the injector's outer lip to the test stream boundary, where it is
reflected as an expansion fan. Therefore, the region d to e is
similar but in opposite sense to the region ¢ to d. The region from
e to f is the test stream without any interaction. The dip from £
to g 1is an indication of the free-jet test stream interacting with the
ambient air.

It may be surmised from the above dis:ussion that the flow field
resulting from the underexpanded injection of hydrogen into supersonic
flow is quite complex. As a consequence, th: theoretical treatment by
necessity must be rather sophisticated. The theory used for comparison

in this work is that of reference 8, and is outlined in the next chapter.



CHAPTER III

THEORY

General Governing ‘quations

The basic governing egquations are the well know. 'viscous-inviscid"
equations used in higher order boundary layer and viscous flow field
analysis with *ne tinite rate chemistry terms included. These "viscous-
inviscid" equaticns are supplemented by the Rankine-Hugoniot and Prandtl-
Meyer relations to facilitate the computation of shock and expansion
conditions respectively. The basic equations are given in Appendix A
along with a limited discussion of how they are applied. The reader
interested in a more thorough delineation of the equations and the nume.

ical application may consult references 15, 16, and 17.

Viscosity Models
The program as published in reference 9 had a turbulent eddy vis-
.sity model referred to as the "Ferri-Kleinste:1" model. This model,
which was developed in references 18 and 19, has viscosity variation in
the axial direction only. However, it was felt that Eggers' viscosity
model (see reference 20), which varies both axially and radially, may be
. re accurate. Thus, it was decided that the program would be run with

both models individually incorporated.

Ferri-Kleinstein Model
In this model, the turbulent eddy viscosity undergoes an axial

variation from the jet exit to the end of the potential core. The length

22
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of the potential core is defined as: the distance ¥ from the jet exit
to the downstream location where the mass fraction of hydrogen on the
centerline becomes less than 0.99. The viscosity is then assumed to be
constant for all locations downstream of the potential core length Y.

The viscosity is computed, for stream locations (x/r.) less than Y,

i
with the nondimensional equation,
= !(1Re ((pq)max - (pq)mm) (xlrj + K3 1)
where, K, = 7.5 x 10™* and K, = 100.
For stream locations equal to or greater than Y
= KpRe (00, - G0, X+ K, )

and since u 1is constant downstream of the length Y, eq ation 2 is
executed once. The resulting value of y 1is stored for a 1 future down-

stream calculations.

Eggers' Model
There are two viscosity models generally referred to as Eggers'
model, thus one must be careful to specify the model intended. The two
models, which are similar in mathematical structure, are called Z-difler -
ence and kinematic Z-difference models by Eggers (reference 6). 1n the
Z-difference model (see reference 20) the absolute viscosity varies axi-

ally only and is computed using the nondimensional equation,

b= KZ (pa)g; (3)
In the kinematic Z-difference model, the kinematic viscosity varies

axially and is computed using the nondimensional equation,
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€ = KZ (q)CL (%)

The absolute viscosity is obtained by multiplying the kinematic
viscosity (of equation 4) by the local density which varies radially.,
Thus, the absolute viscosity varies both axially and radially, and is

computed with the equation,

U = plocal KZ (q)CL (5)

In all three equations (3-5), the empirical constant K has a value
of 0.01. The quantity Z 1is defined as the radial distance between the

points where the local velocities are U, and U, as given by the

1 2
equations,
U1 = Ua + 0.95 (UCL - Ua) (6)
and,
02 = Ua + 0.5 (UCL —-Ua) (7)

where Ua equal the stream velocity external to the jet.
It is the model computed by use of equation 5 that is referred to

as the Eggers' model in this work.



CHAPTER 1V
RESULTS AND DISCUSSION

The experimental data and theoretical predictions of the present
study are presented in dimensionless form. All pressures are nondimen-

sioralized by dividing by the test stream stagnation pressure (P_ ).

%

Similarly, dimensionless coordinates and lengths are obtained by division
by the hydrogen jet radius (rj) at the exit of the injector. It is also
noted that all theoretical calculati~ns were performed with a Lewis

number of 1.

Free-jet Data

Radial pitot pressure surveys were taken at several axial stations
for the free-jet mode and at the end of the ducts when operating in the
ducted mode. The pitot pressure data (surveys) for each mode of operation
can be subdivided into reacting and nonreacting cases. 1In the reacting
cases, the test stream is air, and in the nonreacting cases the test
stream is nitrogen.

The data for the free-jet reacting cases given in fligure 11 are
typical and will be discussed. The pitot surveys were made at axial

locations (x/r,) of 1, 19, 30, 40, 56, and 80, The data for the axial

3

location x/rj equal one were previously presented in figure 8, and will
not be covered here. The prominent features, such as high jet centerline

pressure bounded by jet mixing boundaries, present at the x/r, =1

3

location extend downstream. In fact, the high centerline pressure is

present for the x/r, = 19, 30, and 40 locations. However, the mixing

3
25
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region has engulfed the centerline at the x/rJ = 56 location and the
centerline is not discernible. The regions of no interaction, previously
discussed in the section on the pitot sample, have become tenuous at the
x/rj = 56 location. This demise of these regions is attributed to the
fact that free-jet test mixing boundary spreads inward to meet the jet-
test-stream mixing region which spreads outward.

Other details of the data <re given in the following discussion, in
which theoretical predictions are compared with the data.

The theoretical calculations at the free-~jet test stream bcundary
were not expected to agree with the experimental data, since the program
does not have the necessary theory for handling the test stream aixing
boundary. The program tak.s a constant pressure boundary approach which
is sufficient for mathematical consistence, but improper for actual
boundary conditions. This approach does not affect the accuracy of the
calculations performed for the reg’on inuide the test stream mixing
boundary since this region is supersonic. Thus, the boundary disturbances
cannot be transmitted to the internal region of interest, ané the calcu-
lations should be in agreement with the experimental data. Unfortunately,
an actual comparison of the theoretical calculations and the experimental
data does not show such agreement. In figure ll, for example, there is a
comparison of the experimental pitot pressure data to theoretical calcu~
lations performec with the Perri-Kleinstein viscosity model. The test
stream is air, and 'the theoretical data are for Prandtl numbers of 0.7 and
1.4, As expected, there is no agreement in the region of the test stream

mixing boundary. For axial locations x/rJ = 19 and 30 where there is a
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region of test stream not affected by the mixing boundary or jet inter-
action, the agreement is excellent. (At x/rj = 19 these regions extend

from y/r, = -7.5 to -4 and from y/rj =4 to 9.) This agreement indi-

|
cates that the constant pressure boundary approach does not affect the
accurary of the program for the region internal to the test stream mixing
boundary. However, the only other semblance of agreement is at the
~enterline region ylrj = 2 ] and that is not complete. For example,

the centerline differences between the experimental and theoretical

values Pr = 0.7 are given in Table 2.

Table 2
- xlrj % vifference @ ¢
19 21
30 0
40 13
56 56
80 10

This erratic agreemert on the centerline suggests that the analytical
technique does not handle the wave structure internal to the jet (see
figure 7).

Theoretical jet mixing (spreading) effects, as indicated by pitot
pressure, are much'too large at all the axial lo. ations (this may be
observed by comparing the theoretical and experimental widths of the

region of interaction in figure 11),
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In figure 12, the theoretical data computed using the Eggers' vis-
cosity model (and Prandtl number of 0.7, 1., and 1.4) are compared to the
same experimental data given in figure 11. As can be seen, the agreement
with this viscosity model is about the same as that of the Ferri-
Kleinstein model. Likewise, the discussion of figure 11 is in gemeral
true of figure 12.

The nonreacting free-jet case, resulting from the use of nitrogen
as the test medium, is presented in figure 13. The theoretical results
obtained with each of the viscosity models are so clo<~ together that
only the theoretical results obtained with Eggers' model will be pre-
sented. In this figure, only the thecretical results obtained with a
Prandtl number of 1 are offered since this gives the best agreement. At
an axial location of x/rj = 19 theoretical and experimental results
have the same general shapes. The numerical agreement, however, is quite
poor in the near centerline region y/rj =+ 1.5. 1In addition, the shape
agreement is short lived and 3lisappecrs by the time an axial location of
40 is reached. For all values of x/rj > 40 the experimental data have
a minimum at the centerline and the theoretical have a maximum, That is,
the theoretical data exhibit a valley in the near centerline region.
These results indicate that the theoretical near centerline Mach numbers
are too low, thus pr.'ucing pitot pressures which are too high. This
contrary behavior of the theoretical predictions is probably Jue to im-
proper handling of.the jet wave structure.

The expected disagreement for the tegt stream mixing boundary is

also present. Furthermore, the region of no test stream interaction (for
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example at x/r, = t 7. to t 2.)gives excellent agreement between the

3

experimental and theoretical values of pitot pressures.

Ducted Data (Circular Combustors)

The experimental data for the ducted case are presented in figures
14, 15, and 16. Figure 14 presents the pitot surveys made at the exit
of the four ducts using air test medium (reacting case). Figure 15 gives
similar data for the nonreacting case (nitrogen test medium). Figure 16
gives the static pressures measured along the various ducts. The static
pressure measurements and exit pitot piofiles were made simultaneously
for each duct. The same technique was used for both air and nitrogen
test gas.

The program was unable to calculate the flow field for even the
shortest (length = 30 rj) duct, therefore a comparison between the
experimental and theoretical data cannot be made. The inability cof the
program to compute the flow field for the ducted cases stemmed from the
fact that the underexp. - sion shock wave, which reflects from the duct
wall, is unable to traverse the region of test stream jet interaction.
The flow angle computed for the jet and its interaction with the test
stream are inconsistent with the shock wave and the rest of the flow
field. The reflected shock is not suspect since it is fully compatible

with the portion of the test stream which has not interacted with the jet.

An Evaluation of the Analytical Tool
The utility of the analytical tool as applied here appears quite

limited with either of the twc viscosity models employed. This is not
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to imply that the inadequacy of the program is due to the viscosity models
employed. 1In fact, the similar results obtained with the two different
models indicate that the fault lies in handling the internal (jet) flow,
and its interaction with the test stream. This hypothesis is further
supported by the fact that the spreading as indicated by theoretical

pitot pressure is sxcessive for the reacting case (see figures 11 and 12).
Similarly, pitot pressure was consistently overpredicted by the program
for the nonreacting case, particularly in the near centerline region
which is highly dependent on the jet flow.

Another failing of the program is that it did not detect the fact
that the expansion fan is terminated by an intersecting shock front. A
discussion of why there is an intersecting shock terminating the fan can
be found in reference 21, and one may refer to the discussion of figures
7 and 8 for the location of the shock. The program has incorporated in
it a subprogram which checks the entire flow field at one axial location
before each downstream marching step is taken, to see if a pressure
gradient exists. If a pressure gradient of sufficient strength is en-
countered, it inserts an embedded shock wave. Thus, i must be concluded
that the computed jet flow did not produce the pressure gradient necessary
for shock wave insertion.

It shouid be noted that all of the shortcomings of the analytical
approach, detected by the present work, are associated with the divergent
internal (conical jet) flow and its interaction with the test stream.
Thus, there is the possibility that it can be successfully applied to the

case of underexpanded jets whose flow divergence is small at the injector
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exit.

It is felc that the amalytical predictions can be improved by re-
placing the present method of handling the jet flow with a characteristic
expansion network. This network, wnich would require considerable effort
to implement, would be terminated by an intersecting shock front. The
intersecting shock may require little additional effort since the sub-
nrogram previously mentioned may insert the required shock once the proper
jet flow is cumputed by means of an expansion network. An improved pro-
gram, which correctly handles the jet flow by an expansion network, would

be vary us. ful and probably effective in analyzing underexpanded jets.



CHAPTER V
CONCLUDING REMARKS

One of the major technological problems facing the scramjet engine
concept is the ability to successfuliy predict the flow field resulting
from the injection, m.xing, and combustion of hydrogen fuel. Such pre-
dictions are necessarv for good design of major components of the
engine (i.e. fuel injectors, the combustor, and the exit nozzle). Of
particular iwportance here is the ability to predict the flow field re-
sulting from underexpanded injection of hydrogen. More fundamental,
however, is the need for experimental data on an underexpanded H2 jet
in a supersonic flow.

The present work has accomplished the task of furnishing a small
data base on the coaxial injection of an underexpanded H2 jet into
supersonic flw. The data obtained are for a Mach 2 test stream of air
or nitrogen, and a Mach 2 hydrogen jet whose exit pressure is approxi-
mately twice the test stream static pressure. Since the air or nitrogen
test stream has a static temperature of 1338 K, data with and without
combustion is provided. In addition, the facility was operated in a
free~jet mode and in a ducted mode furnishing data for four different
duct lengths. The free-jet data comsist of radial pitot profiles at
various axial locations. The ducted data consist of radial pitot pro-
files at the duct.ends z2nd static pressures measured along the duct walls.
In addition, the present work tested the utility of an analyticai tech-

nique designed to predict the flow field resulting from the injection of

50
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an underexpanded jet into supersonic flow. The theory is tested by cou-
paring experimental data with theoretical predictions. The theoretical
calculations, which cover a wide range of Prandtl number (0.7 to 1.4),

were unable to correctly predict the experimental results.
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APPENDIX A

THEORY

General Governing Equations

The basic governing equations are the well known "viscous-inviscid"
equations used in higher order boundary layer and viscous flow field
analysis (see references 15, 16, and 17) with the finite rate chemistry
terms included. These equations are evolved from the full Navier-Stokes
equations by assuming that the transport effects depend only on gradients
normal to the streamlines. (The normal momentum equations are kept in
the inviscid form.)

These equations, written in nondimensional form for an intrinsic
coordinate system (with s along the streamlines and n normal to the
streamlines), are as follows for axisymmetric flow.

Gloval Continuity:

a(pq) 99 . L9 . .
3 + 0q n + y sin 0 = 0 (Al)
S-Momentum:
3 )
pq 5% + 35 S1 (A2)
where,
g =L 3 3q 4 b(cos ©) 3q
1" Re |30 \*n y on
N-Momentum:;
pq2 %8 + ) (A3)
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Energy:
9T 3 _g _
pa (C) 35 - a55 =8, - LW h (A4)
where,
C 0
s, = 1 3 (P c EI) . LA (cos 0) T +
Re (Y - 1) M2 on Pr dn y Pr an
[+1] oo
2
Be) 3T, B, o 2, (2 ]
Pr an 2 Cpi m T (e = 1) M u an
Species Conservation:
9=i _
Pi5s T %, T Y (a3)
where,
S N S (LE_EE“_i>+E_Le cos O 3=i
3i. Re on Pr on y Pr an
State:
WOQT
p= 2 (A6)
v M
where,

-1
1[1
<~ il

For supersonic flow fields, the above equations (Al to A6) have a
dual mathematical nature (see reference 15). That is, they exhibit
features of both hyperbolic and parabolic systems. The analytical tool
of reference 9, therefore, uses a numerical scheme employing a character-
istic network in conjunction with a boundary layer type network to yield

a coupled solution. This scheme is thoroughly discussed in reference 17,
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and will not be fully covered here. However, the following description
of the approach used by the scheme is offered.

Essentially, the approach finds a characteristic solution which
feels the effects of diffusion and finite rate chemistry. This is
done by -reating the diffusive and chemistry terms as forcing functions
in the "compatability relation' along characteristics. Treating these
terms as forcing functioas r ;ults in the characteristic directions of
the viscous system being exactly those of the inviscid system. Namely,

the frozen Mach line (Ct)

-dl= +—
Ix tan (0 = u.) (A7)

f
and thus the streamlines are defined by the equation

dy _
ix tan O (A8)

The compatibility relation can be shown to be (see reference 17 for

an excellent derivation)

sin Eé cos Ef

dp + a4 SB2 4L
YooP y 0q
(vg = 1) (e = 1)
—— S, + LW, h, - (A9)
2 2 it
TP Y @, - 1) ¥ pg
S -
W : 31 wi sin uf )
- — 4+ — —de-o
Pq m, m, flcos (O 2w

The program of reference 9 is designed to analyze the mixing and
combustion of an underexpanded H2 jet; therefore, it is apparent that

the equations previously presented are not sufficient. Since the jet is
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underexpanded, it has an exit pressure greater than the test stream
static pressure and must expand into the test stream. The expanded jet,
however, is seen by the test stream as an obstruction and an exit shock
wave is generated. In addition, embedded shocks caused by combustion
compression are possible downstream. The equations required to perform
the expansion and shock calculations are also incorporated into the
program (reference 9).

The expansion was assumed to be isentropic, two dimensional, and
inviscid in the limit of vanishing radial distance with respect to the
injector lip. These assumptions allowed the use of the following

isentropic relations (Prandtl-Meyer expansion) near the injecior's lip.

L. State P/pY = constant (AlL)
2., Energy h +1/2 V2 = constant (All)
3. Momentum % +1/2 da(v?) = 0 (A12)

do

1
4, Compatibility Y d(&nP) ¢ cos u sin u

0 (A13)

In the case of the shock wave, it was assumed that the chemistry
was frozen across the shock and that i* was two dimensional (the 2-D
shock is an exact solution for the conical shock 1if there is no angle
.i attack), Thus, the following Rankine-Hugoniot relations were incor-

porated into the program. They are:

1. Continuity Py = 0202 (A14)
2 2
2. Normal M?mentum Py + pl(Ul) =P, + °2(U2) (A15)
3. Tangential Momentum V_ =V (Al6)
O
4, Energy H = h + (1/2)V2 = constant (A17)

where, h = L alhl(T)
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5. State p = p(p,T,ui) (Al18)

Exit (Underexpansion) Shock

As previously stated, when the jet expands into the test stream an
exii .undaerexvansion)sheck wave is generated. The idealized flow re-
sulting from such an interaction is depicted in figure Ai.

Altho.gh it can easily be deduced that the pressures (p's), and
flow angles (0's) are 2qual on either side of the slip line separating
the regions 1 and 2 of this figure, it is not } ssible to calculate them
by a direct . ethod. Fortenately, the downstream conditions can be cal-
crlated bv the iterative process that follows. A shock angle is chosen
(an angle slightly larger than sin-l(lle) is a goud choice) and the
downstream properties (Pl’ Tl’ Ol, etc.) are computed. The jet is then

expanded from its exit pressure to the pressure P, =P If the flow

1
angle OZ associated with this pressure does not equal -he flow angle
Ol downstream of the shock wave, a new siock angle is selected and the
above procedure is repeated until convergence is obtained. The stream

properties (p, O) for which conv-rgence is cbtained are the properties

existing across the slip line of figure A1,
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APPENDIX B

MODIFIED COMPUTER PROGRAM

The original program of reference 9 has been streamlined and mod-
ified to the extent that it is not readily recognized as essentially
the same program. Numerically, both old and new versions give the
same mathematical results for the cases they are both able to handle.
(The original program was not able tco handle shock waves which ran from
the ouier boundary toward the centerline, and various other subtleties.)
The version given here has the Ferri-Kleinstein viscosity model as did

the or“ginal of reference 9.



A3977

62

PROGRAM CHARUINFUT.OUTPUTTAPET »T2PES=INPUT,TAPESE=0UTPUT)
MAIN FRCGRAM FOR CHARACTERISYICS WITH SHEAR

COMMON/AB/EPP EPC,EPT

COMNRON/AC/IBOD, FIN

COMMONZAL /GAR.GEW

COMMON/AX/ZJSUBL + JSUBU

COMMON/ZBAZALP(7455) EMINF ,WINF

COMMON/RC/IOCHEM

COMMON/BC/XMASSISS)
COMMON/ZCG/ZAUP,RUF,CUP DTSPRI(55) 4 DUPL,EUP 4 JCONV o THPRI(55) 4 YPRI (55)
COMMONZCK/WTMOLE(D)

COMMON/DB/RETRIL) LIS (6)

COMMON/DE 7M™

COMMONZDPZYNISS)

COMMON/ED/CPINGRC

COMMON/EF/EM(55) ,CAM(55) 4P(55) s TH(55) ,¥ (55)
COMMONZEG/ZEINSPR, XLE

COMMONZEFZGAMINF (M1 (7 ) ,PINF

COMMON/FEZDEL

COMMON/ZGE /RAD4ROCUINLZVISINF

COMMON/GF/70ELY,CVISA,KOUNTD,VISA

COMMON/ZGKZDELX

COMMON/HJI/ZKOUNT oLLoNPT

COMMON/ZHL Z7ALPHA ,RETA
COMMORZHRMZALPNL7,55) sCPNUT455) +CPXN(S55) oEMNISS) yGAMNISS ) oHNIT +55)
ILIPNESS) ¢CNISS) s RHONLISS) 4RNI(55) (THNISS) s TNISS: ¢ WNISS) 4 XMUN(55)
CCMMON/ZHP/BETANCL) o IEMBED

CCMMON/TFZALPR(7) ,PHI (55)

COMMON/ZFC/H(55) 4 X (55)

COMMON/PC/ZALPHS (7)), IFUEL, PRES

CCHMMON/FQR/ZJICHEM ¢NSP,T (55)
COMMON/GA/M(7455),Q755) ,RHOI55) ., XMU(55)
COMMON/QS/RHOP(2) 00T (7.55) 4WOOTC L7 JHP(2) 4 XNUP(2)
COMMON/RC/APQ ,AP1,AP2

COMMON/RSZGPMS 4PSe THS o THSL e THSL

COMMON/ST/IL3,IRFGI LK +KFIRST.KKKQ,PSTAR
COMMON/TS/DVISO,0VISC cIFSy MMM, VISB.VISC
COMMON/ZUVZITL11, IERR, IPRESS,, IPRESU,ISUB
COMMON/VT/DACH(? 4553+ STCHIS55) 4 DVISD,VISO
COMMON/UW/ICCNT 4 IEND4 KT, THBPN, X 8PN

COMMON/HWVY/NPTSRE o X3P o XJ

COMMON/XG/X00

COMMON/YX/RAB0DS +EPRESSHCPRESS
COMMON/YZ/BPRESUSCHEMFCoCPRESULEMSUB,RTHXSTEP
COMMON/ZY/7AS00,88C0,CR0NLEBODFBOC+GBOD+IAVE, TPUNCH » JBOD » KKKKK
DIMENSION XS(7).PITOT(55)

DATA II11/07

PSSO SIBINNBOPIIIT LTSI IRIIEIISENDY eEGIh INPU‘[TING pARAME]’ERS

s PAGEB R
()F.chjB,CﬁJAJJnnl
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MRITE(6,400)
112 FORMAT(IS.5X,9E13.5)
400 FORMAT(1KY)
J=0 TWC DIMENSIONAL
J=1 AXISYNMETRIC
SPECIES 1 IS M
SPECIES 2 IS O
SPECIES 3 IS H20
SPECIES & IS W2
SPECIES 5 IS 02
SPECIES € IS Oh
SPECIES 7 IS N2
WYNOLE(1)=1.003
WTMOLE(2)=16.
WTMOLE(3)=18,016
WTMOLE(&?=2,016
WTMOLE(S5)=32,0
WTMOLE(6)=17,008
WTMOLE(7)=28.0104
FAS=WINCLE W) /716,
J22=0
X00=0.
106=0
DEL=0.
00 8220 I=1,4
BETANLIN=0,
BETB(I)=0.
IStI)=0
8220 CONTINUE
IFS=0
NSP=7
RQO%1,9087
ROO=RO0*3,087232.2/72.205%1000C.,
EPP=1.E~10
EPTH=1,.E~-10
EPQ=1.E~1C(
€EPT=}1,.E-10
I0CHEN=1
L1 1]
EXXX=21.E=-L6
113=0
KFIRST=-1
KKKQ=10000
JCONV=g
INPTSH=D
363 CONTINUE
CALL INDATA
PISSISININININNIIBITLISIIICINSEIRINS MAKE INITIAL SHEAR
VISO=XVIS(XBP)
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CFfF=0.
CALL SHEARL(CFF,VISTD
6789 CCNTINUE
CALL €EwaceC
VTS=VISD=VISC=VISEe=vISA=XvIS(xer)
DVISD=DVISC=0VISB=0VISA=0.
0C 7188 K=1,NPTIS
00 7199 J=1,NSP
7199 XS(JII=RIKI*ALP(JeK)ZWTMOLE(Y)
FUAIR=1.00E IXSE1142.3XS L) #2.%%S(3) #XSL6)) /7116, *{XS(2)+AS(I)
192.%XS(5)1eXSLE))+28,.014%XS(T7))
PHI(K)=FUAIR/,.025161L
7188 CONTINUE
IFIKOUNT, Q. KKKKK) GO TO 437
IF(IT11.EC.1) GO TO 407
IF(KOUNT.EQ.KOUNTYO) GO YO 4i7
IF CCIXCUNTZLLI®LL) JNE.KOQUNT)IGO TO 179
«07 WRITE (6,408) KOUNTY
4C3 FORMAT(THIKOUNT=15)
WRITE(6,5206) X(1)
52°6 FOPMAT(/SH X = E13.5)
D0 %685 123=1,4
IF(BEYB(I23).EQ.9.) GO TN Aw8S
IF(I23.L7. )
INRITE (6,8408k) 123,8B5TB(IZ2I)
R84 FORMAT(/SX,20HEMBENDED SHOCK TYPE I1+1CX.7HBETA = ,E11.3)
IF(123.6E.3)
IWRITE(H.2331) I23,9ET73(I23)
2331 FORMATU/1UXo11HSHOCK TYPE «I1+10Xe7HBETA = +E11.3)
A AS CONTINUE

VISWz=VISA®VISINF
WRITE(6+7222) VISH

7222 FORMAT(/SX311MVISCOSTITY =E13.5,15H (LBOSEC/FT%2))
WRITE (6,5207)

5207 FORMAT(/3Xg3HPT oo 1N e IMY 412X 02HQ 912X o1 HT 412X e 1HPs121X+2HTH,11X,

12HEMLIXINRHOL0XIFGAMIXSHPITOT)
N0 73 I=1.NPTS
PIII=P(I)/PIN

78 PITOT(IN=P(I) *PRES®U(GAMIII*2,.) . S%EM(I)*®2)3%(GAMLI)/ZIGAMITI)-1,))
A% (2. °GAMIT)I Z7(GAP(TI)+1 D SEMITII**2-((GANIII=1.D/7(GANLII L D) D% (1.7 1
a1,-GAMIII )
WRITE(64212) (1o Y I oIV TUI)4PIIDoTHLI)SEMIIIoRMOCTI)GAMII)HZPITOT
1(I) 4, I=14NPTS)
DO 71 I=31,NPTS

71 P(I)=P(I)%PIN

WRITE (6,160)

160 FORMAT(/7/77773Xe3HPT,.,y8X, BHALP (1) 47Xy BHALPL2) 47 Xe
2OHALP (3) o 7XHMHALP (&) o TX 4 BHMALP(5) ¢ TX o 6HALP (D) o TXoH6HALP(T) 49X » IHPHI
2011X o 1HWY

ORIGINAL PAGE
OF POOR _QUALﬂg
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WRITE(E+112V (1o (ALP SV o JU=107) o ONILI) o HIID 41I=1,NPTS)
179 CONTINUE
IFIKOUNT,GE . KKKKK)GO TO 1572
IFtIT11.EC.1) GO TO 1572
ALPHAZL .0
BETA=C.0
CALL STEPIVIS)
IFtIT11.EC.21) GO TO 4O7
IFIKOUNT NE.KFIRSTL,OR.I13.NEL1) GC TO 300
CALL PUNCH
00 31 I=JSuBL,.JSuBU
Y PRILINZY (D)
THPRI(INI=THII)
3C1 CONTINUE
300 CONTINUE
CALL CHER(FAS)
8282 CONTINUE
ICONT=0
IEND=(
K=1
L=2
887 IFIL.GE.JSUBL.AND.L.LE.JSUBU) GO TO 9CG
888 K=L
K¥={ -1
IF(L.EQ.MNFTSIGOTO 612
IFIL.EQ.JSUBU.ANDL,ICONT.EQ.1) GO T0 1622
IF(BETB(1) €Q40e AND.BETOI2) cEQJa o ANDLCETBI3) oEQel++AND.BETB (L),
AEGQ.J.1G0 TO 777
IF(BETBI1) 6T e0eeO0RBETBLI) GTT.0777e778
777 IF(KLEG.IS(2).,0R.K,EQ.IStH)IGO TC 8236
IF(K NELIS(1)~198231,775
8231 IF(K.NE.ISt3)=-108234,773
776 IFIK.NELIS(1)-20GO0 YO 11
775 tMp=zi
K=1S(1)
K¥=K
GO YO 8222
11 IFIK.NELIS(3V-1)GC TO 22
773 MMN:=3
K=I5(3)
KT=K
GO T0 8232
22 IFIK,NE,ISt2))GO TO 33
MMM=2
G0 T0 8232
33 IFI(KNELIS(LIIGO TO ub
MMM= 4
GO TO 8232
Lhh TFUKLEQIS(2)¢+1.0RKeEQ.IS(H)*+1)7R888,R230%
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K=K¢1

L=K

KT={ =1

GO T0 8234

L=K

IFS=1

IPOI=1

ALSV=ALPHE

BESV=BETS

IF(BETA(1)ENe s ANDLBETBI2),EQ 0+ AND.BETAL3).5Q.0..ANDBETB(G),
AEQ.0.)GC YO 772
IFC(BETB(1).6T.0..0RBETB(3) ,GTLCLICO TO 772
KTSAV=KT

CALL CPCINTY

THOE=THNtK)

ALPHA=,S

BETA=.5

IF(BETO(1).,EQ. ). AND.BETRI2) EQeJ oo AND.BETRI3).EQs0+,AND.RETRIL) .
AEQ.0.9CO0 YO 2194

JF(EETE(1) ,GT.0eeCRBETB(3) GTLC.)G0 TU 2194

T=KTSA

LRLL LACTAT

[s¢ = 27 %

IF..F LLY,20060 TO 2195

WRITE(6,9191)

WRITE(6,2196)

FCRMAT(44H ERROR IN CPOINT ITERATION FOR SHOCK IN CHAR)
STOP

ERTHD=ABS (THOE~-THN(K))

THOE = THNIK)

IF(BETR(1)cEQeDs e ANDBETO(2) o EQ.U+«AND.BETBI3).EQ.04+.ANDBETB (L),
AEQ.0.)G0 TO 771
IF(BETB(1),67.0+40R.BETBI3).GT.C0.)G0 YO 771
K¥=AT¥3AV

IFLERTHOLGT.EXXX)IGO TO 219%

ALPHA=ALSY

BETA=BESY

IF(K.EQ.IS‘?,' MMM=2

IFIKEQ. IS(L)) MMM=4

IFS=2

CALL HSHCCK{(MMNM)

1FS=0

K=K¢1

L=Lel

60 TO 887

CONTINUE

IPOI=1

ALSV=ALPHA

BESV=BETA

S
cﬁf“gcs *)

oo *
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CALL CPOINT
KT=L -1
THOE = THN(K)
ALPHA=,S
BETA=,5
26C1 CALL CPCINY
KT=L~-1
IPOL=1PC1*1
IFLIPOI.LT,200G0 TO 2AN2
WRITE(6,9191)
9191 FORMAT(1iNK})
WRITE(6+2197) K
2197 FORMAT(S53H ERROR IN STANDARD CPOINT ITERATION IN CHAR AT POINT I2)
stToP
2602 SRTHU=ABSITHDE-THNIK))
THOE=THNL(X)
IFLERTHDLETLEXXX) GO TO 2691
ALPHA=ALSY
SETA=BGESY
c PSS 03050030000000008% [INCREMEANT COUNTERS DO NEXT C POINT
9CC CONTINUE
K=Kel
IFIL.EG.NPTS) GO Y0 767¢
LsLel
IFCICCNT.EQ.1) GO TO 8AB8
GO TO 8A7
Cc NQ2ZLE wALL CALCULATION
612 CONTINVE
1P0I=1
ALSV=ALPHA
BESV=BETA
CALL LPCINTINPTS,1.)
K=NPTS
THOE=THN (k)
IF ¢ IPRESULEQ.C) THOE2PN(K)
ALPNA=,S
BETA=,.5
2607 CALL LPCINTINPTS,1.)
KxNPTS
IPOI=1IP0I¢1
IFLIPOI.LT,20)G0 TO 2608
WRITE(6,9191)
ARITE (6+4239R)
2198 FORMAT(51H ERROR IN NOZZLE WALL CALCULATION ITERATION IN CHAR)

STOP

2608 FRTHO=ABS(THDE=THN(K))
IF ¢ IPRESU.EQ.0) ERTHD=ABS(1.-THDE/PNIK))
THOE = THN (K)

1F¢ IPRESUEQ,.C) THIT2PNIK)
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IFLERTHOL.GY.EXXX) GO TQ 2607

ALPHA=ALSY

BETA=GESY

COMPLETE FIRST POINT

CONT INVE

IF(JSUBL,.EQ.1) GO Tn 180C

CALL LPCINI(1,0.)

K=1

IPOI=1

ALSV=ALPHA

BESV=BETA

THDE=THN(K)

IF(IPRESS.EQ.C ) THDE=PN(K)
ALPHA=,S

BETA=.5

CALL LPCINTIL,0,.)

K=1

IPCI=1P0T+1

IF(IPOI.LY.20)G0 TO 2€10

WRITE (6,9191)

WRITE(642199)

FORMAT (39 ERROR IN FIRSY POINY IVERATICN IN CHAR)
sSToP

ERTHO=ABRS (THOE=-THNL(K) )

IF(IPRESS.EN.T } ERTHD=ARS(1,.,-THDE/PNIK))
THOE = THNIK)

IF(IPRESS.EQ.0 ) THOE=PNIX)
IF(ERTHD.CT,.EXXX) GO TO 2699

ALPHA=ALSY

BETA=BESY

SUBSONIC PRESSURE ITERATION

CONT INUE

IF(ISUBLEG.C) GO TO 1622

IFC(ICCNT.EQ.L) GO YO 1622
IF(TIL3.NEcL1.O0RKOUNT NE.KFIRST) GC TO 1777
CALL OPOTE{THS,JSUBUY

CALL OPOTHUTHSL,.,JSUBU+1Y

CALL CPCTHLTHSL,JSUBU=-1)

CALL THSSSITHSS)

AUP=Y (JSURY)

8UP=TANCINLISUAM)

IF(IREGI «NE0.AND.JSUBULEQ.J22) GO YO R3ITS
CUP=THS/CCS(THIJSUBU) ) **]

QUP= {THES 3. *TAN(THIJISUBUI ) *THS®THS) /CCSITHIISUAU) ) 3%y
EUP=“‘0.°9§

GO0 YO 8376

CONTINUE

Cup=0.

DUP=-~1.

ORIGINAL PAGE B
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EuP=0,
837€& CONTINUE
00 341 I=JSUBL.JSURY
381 CALL OPCTH(OTSPRI(I),I1)
1777 CONTINUE
CALL SSCNIC(10h)
IFLING.EC.D) GC TOC 1622
I111=1
IPUNCH=1
GO TO 4177
1€22 CONTIMNUE
IFLISUB.EC.L) GO 7O 359
IF(JCCNVL.EQ.L1) GO TO 36C
IFIKNUNT A .KKKQ=1) GO TO 361
IFUINFISH.EQL.C) NPTSH=NPTS
INPTSH=)
REWINC 7
T TN 183
36C NPTS=APTSH
INPTSH=C
359 DC 357 1=1,NPTS
II=NPTS=-]¢2
IFIEMNITII)LOT.EMSU3) GO TN 3¢7
IFIISUB.EQ.1) GO TO 355
Isua=1
WRITE (€,4354)
354 FOPMAT(37HY SU3SONIC REGION ENCCUNTERED)
EMST=FMSUE
FMsuUB=1.1¢
AP1=0.
IREGI=0
G0 Y0 359
355 K=11¢1
IF(IREGI.EQ.1) X=JSURU
GO 70 358
357 CONTINUE
IREGI=2
GO TO 361
358 CONTINMNUE
IFLJCCNVL.EQ.D) GO TD 1417
JCCNV=(
DC 1418 T1=1.NPTS
II=NPTS-1¢1
IFCEMN(TIN,GTLEMST) GO TC fb18
GO T0 1417
1418 CONTIMUE
IREGI=2
113=0
EMSUB=EMST
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XGC=XEPN

ABOC=VYN(1)

ABCDS=YNI{1)

BB0D=TANITHNIL))

ceco=C,

GO TO 3¢é1

CONT INUE

APC=PN(1)

AP2= (PNIK)=PN 1) =AP1S (YNIKI-YN(LIIIDI/LYNIKI=YN(1))*"2
D0 35¢& 1I=14K

PN(I)=APO¢APL* (YN(I)=YN(1)) AP (YNITI)-YN(1)})B"2
RHON (1) =CENWCPWN(TI*PN(I)/ZTNL])

IFIT.FC.1) GO T 355

XJi=1.ex)

I1=1-1

YFUN= (YNSIDI® O XJ1-YN(T1)® " XUl /7 X 4L
VERM=(RHCANCTI)®CNCID®COSUTHN(ID D ¢RHCNITLI®ONITIL) *COS(THNITILIID 72,
¥MASS(INI=XMASSUIL)STERMO®YFUN

CCNT IANUE

DS=2.*0FLX/(COSITH(K))+COSUTHENIKI DY)
PS=(ON(K) =P (K))/OS

GPMS= (GAMN(K) *PNIK)*EMN(K) *22-GAM(K) *PIK)®EM(K) **2) /DS
NS=2.%0ELX/Z(COSITEN(L1 ) eCOS(THILIY)Y

CONTINUE

COMPUTE SHEAR

VISE=xXVIS(XAPH)

CFF=J.

CALL SHEARZ2(CFF,VISE)

PSSP IPISSSEITTIIITIOISINIINISINEINIGSTS IESET ALPHA AND BETA
IF(IAVE.EQ.0) GO TO R33€

IF(BETA,GT.C.C)GO TO 8396

aALPMA=0.5

RETA=(.5

GO YO 8282

CCNT INUE

SUBOUIIVNUNIENIIIONINEISIUBUNIBINBNIBIINIENISE STEP TAKEN ourTPUT
J22=Jsuel

CALL RSET

00 1431 I=144

BETB(1)=RETAN(D)

KOUNT=KCUNT¢1

GO0 10 678¢

IFLIPUNCH.EQ.CICALL EXIY

GALL PUNCH

CALL EXIY

END

SUPROLUTINE FMBED

COMMON/AC/IBODSPIN

CCMMON/AL/GARLGEW

ORIGINAL PAG
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COPMON/ZANX/JSLRL 4 JSVAY
COMMON/BE/ZALP(7,55) JEMINF , WINF
COMMON/BC/XMASS (55)
COMMON/ZCJ/CP(7+55),CP1(7),CPX(55)
COMMON/CK/ZWTMOLELT)

COMMON/DB/BETB L) ,IS(L)

CCMMON/EC/CPINJRC

COMMON/ZEF/ZEM(S55),GAMISS5) ,P(55),TH(55),Y(E5)
COMMON/ZET/GAMINF 4 HL (7 ) 4RINF

COMMON/GK/DELYX

CCMMON/HLZALPHA ,RETA
CCPMON/HF/ZALPNIT7,55) 4 CPN(7,55) 4CPYN(S5) EMN(SS),GAMNISS ) HN(T 455),
ILsPNIES) SCNISS) e X HNNES5) o 2NIS55) + THNISS5) ¢ TRIES) 3 WNI55) o XMUNISS)
COMMON/HF/BF TAN(YL ), 1EMAFD
COMMON/ZFC/MIS5) o+ X (55)
COMMON/PC/ICHEM,NSP,T(55)
CCMMON/QA/Z/HI(7455) 4 2(55) 4RHN(55) s XMUI(5F)
COMMON/RC/R (5%5)

COVMMON/TL/AN(SS) s CALF L™ 455) 4DBC(55) 4DCPX LSS ) DDALPUL7455),0TAU(S55),
17Tay(5%)

COMMONZ WY/NPTS R (X3P 4 XJ

DATA EPPRES/1.E-Cu/

TeEMeEC=C

At PHA=1,

fETA=C,

ALPH=1-

AET=C,

DELX =1,

DO 52C M=1,2

IFIIS(MINELD) GC TO 300

IM=NPTS-2

D0 1 1=2,1IM

IFUIoGEeJSURLLANC I LLT.USU3UY GO YO 2

12=1

I1=-12-1

13=212¢1

Tu=12¢2

T106=Y(I1)-Y(I2)

T11=Y(I2)-¥(I3)

T12=Y(I3)-Y(I&)
IF“’lO-LY.i.E'Cb-CQ-Yii.LT.i.E'C'o.09.712.LT.1.E°G-¢) GO 10 1
DZ=Y(Ie1) =Y(I)

IF((M/72¥°2,E0.M) GO TO 204

XP2=XML(ALPH LPEY oTH(I*1)XMU(TI*2) e evCW)
XPL1=zXPFL (ALPH o8ET +THILI 1 oXMULTL 149049l
60 T0 204

CONT INUE

XP2=XF2(‘LPH 'PE‘ oTH(X‘U.XHU(IOH.O..G.D
‘P1=¥”2(ALP_H +BET JTHHI Yo XxMUILT Y9edeels)



20t

506

568

72

DZLAM=XP1~-XP2

IF(DZLAMLT.1,E~1C) GO TO 1
0I=NZ/CZLAM

IFCDI) 1,17

IF(OI.6T.10.%DELX) GO TO 1
P1S=PLI1I®P (I

P2S=PLI2)%P(12)

PXS=P(13)*P(13)

PLS=P(IL)*P (]I L)

T1=P(I1)~-P(12)

T2=P(12)=F(1D)

T3I=P (I =-FP(]IW)

Te=pP1S-p2¢

¥5=P2S-P3¢

T16=P3S=-PLS

Y7=P1S*P(I1)-P2S*P(I2)

18=P2S®*P (12)-P3S*P(]I3)
TO9=P3IS*P (I3} -PLS*P(T4W}

CALL SCLVE(TL 72 473 4Tus 75 76 417
CALL SCLVE(T10,T7114T12,T0 (TS 476 ,T7
CALL SCLVE(TL ,72 73 V1G.111,712,77

278 4T9 HLE )
« 78 4T3 ,NAI
+TA 419 L0C)

CALL SOLVE(TL 72 4T3 4Tt (15 4,76 +T1G,711,T12,00)

9=08/E

C=0C/E

D=00/E

A=Y (I2)eP(I1)®(-BeP(IL)(-C-D®*P(]IL1)))
TRE=1./3.

CD=1.,727.

YST=A-C®R*TRE/D¢2,°C *3°CD/D%*2
IFI(YST,LE.Y(I).OR.¥YST,GE.V(I+1)}) 1O
YSTP=P=-C*C*TRL/0

IFIYSTP,GELEPPRES) GO TO ¢

ISIN) =11

IF((M/72)%2.EQ.M) IS(M)=T

APS=xPL

XPe=XP2

60 TO 501

CONT INUE

GO Y0 500

ISM=IS(®)
BETB(MI=(ATANIXPS)CATAN(XPB))I /2.
WRITE(E+506)M

FORMATI1H1,20X, 19HEMBEDDED SHOCK TYPE
WRITE(64508) IS(M),BETH{M)
FCRMAT(10X+15,E11.23)

L=4

IFL(M/21%2,EQ.,M) L=-}

ISHM= ISK-L

ISP= ISHMeL

10 1

12/7713%42H1S

+5Xs4HBETA )
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RAT= ((YLISM) ¢ LISMH)I /2.=-Y(ISP})IZLY(ISMI-Y(ISP))

X (ISM)I=x (ISP)+RAT® (X (ISM)=X (1se)
Y (ISrkI=Y (ISP)eRAT® (Y (ISM)=Y (ISP}
Q (1sv: =Q (ISP)+RAT *(Q (Ism-qQ (Isey)
P (1csr) =P (I5P)eRAT® (P (I1sm)-p (Irsen
T t1sm =1 (ISPYeRAT® (1 (ISY)-T (Irsen
™ (I1SM)=TH (ICP)e¢PATS(TH (ISHY=TH (1seyn
A9 (1SM) -8Q (ISP)ePAT*(BQ (ISM)-80Q (Ise))

Tau (I1SM)=TLY (ISP)#RATS®(TA) (IS¥)-TAU tIsSPY)
£80 (Ism) =019 {{SP)eRATS(DED {ISM}-08Q (Ise?

oCPx  (IS¥)= .. f ISPIERAT®(DCPX (ISMI-DCPX (ISP))
OTay  (ISMr= .7° (ISP)+RATH(NTAU (ISM)-DTAU (ISP}
AMASS (ISVM - (INP) ¢RATH(XMASS (ISM)-XMASS (ISP))
cPX(ISM)=C,

WUlISMI=C.

CALL THER¥OO (ISM)Wn1,.CPY)

D0 19C KI=14NSP

J=K1

ALP  (KILISMI=ALP (KL ISP)IeRAT®(ALP (KI,ISMI=-ALP (KILISP))
DALP (KI,ISM)=DALP (KI,ISP)SRAT®(PALP (KI.ISM)-DALP (KI.ISPM)
DOALPIKT, ISM)=0DBLPIKI, ISP ¢RAT®(CDALP(R,,ISM)-UCALP(KI+ISP))
HJy ISMI =1 (D)

CP(JISMI=CPLLY)

WEISM) :WOISMISALP (L ISMI/ZWTMOLE (J)
CPXCISMI=ZCPYLISMY - ALP (J, ISMIC®CP L 4 ISM)

H o ONIKI,1SME=k  (KI,ISM)

ALFNIKT,ISMY=ALPIKI,IS")

CONTIMUE

WIISM)=2,/7WIISM)

RUISMI=RC/W(ISY)

GAMIISMI=CPX(ISM}Z(CPX(ISM) -R(ISMHI/CPIN)
RHOCISMI=P(ISM) *W(ISM)ICGEW/T(ISH)

QI=1./R(ISM)
EMIISMI=CL{ISMICEMINF®SART(GAR/GAM(ISMI*RI/TIISM})
XMULISMI=ZMULEMIISM))

Q NLISkEI=Q  (ISM)

R NC(ISMISR  (ISM)

T NCISKI=T (ISM)

4 N(ISH)=P (ISM)

W NCISKIZW  (ISM)

TH  N(ISMI=TH (ISWM)

RHC N{ISK)=RHO 'ISM)

GAM N{ISMI=GAM(ISM)

TFEJSLELL.GT.ISIM)) JSuBL=JYSUBL +Y
IFIJSUBULGTLISIM))Y JSURU=JYSUBU+L

D0 101 KK=1,&

IFCISIKK) oGTLISIM)) TSIKK)=IS(KK) ]

CONTINUE

IEMBED=1

GRMAL PAGE I8
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CALL KHSHOCKIM)
IEMBEC=]
CEISHMI=RUISHE
YI.SMM)=Y (ISH)
XMASS (ISMM) =XMASS LIS
W CISHMI=W NLISKHM)
p (ISHw)=p L LISHM)
G LISHrFI=Q NEISMM)
| TISHMMI=T N{ISHMNM)
B (ISPMI=0 N{ISMHM)
TH LISPPYI=TH AUISMY)
EM (ISHM)=-EM NLISPW)
RRCITISKM) =RHOINIISMM}
CPX{ISHM)=CPXN(IS™M)
GCAMEISHMM)=GAMNEISMY)
XMUCTSHM) =XMUN (ISP
NG 1313 NI=1.NSP
BT ISPz NIKI, ISHM)
CP (K1sISHMI=CP NIXI, ISHM)
ALPIKT ISP =ALPNIKT, ISHN)

1323 CONYINUS
Iecp=",
RE=].
XeP=0.
CALL SHEA®1(3,,0,)

SCO0 CONYIMNUE
QeTuRe
END
SUBROUTINE SOLVZ(AL1]48124823,82148224A234A314A32,43340E7V)
DET=A11%(Ac2*A33-A320A23)~A22%(821%A33-A21%023)¢413%¢A21%232~A22"%2
121
RETURN
END
SUBROUTINE MSHCCK(K)
COMMON/AL/GAR.GEMW
COMMON/ZBAZ _P(T7,S5) EMINF o INF
COMMON/2P/S1A,524,53A7
COMMONS BN /GAMRL PR "8 RHCALTHRWEB o XMUB, ¥
COMMON.CA/WDOTN(7455) 4 XN(55)
COMMON/CI/CPLT7,55),LP1(7) ,CPXISSK)
LONMON/DB/BETELL) 3 IS(4)
COMMON/ZLP/ZYNISS)
COMMON/ZEC/CPINGRO
COMMON/ZEF/ZEMISS) 4 GAMISSE) 4P(S8),THIG5) Y (55)
CCMMON/EG/ZFINGPRGXLZ
COMMON/ZEF/GAMINF KL (7)) JRINF
COAMMON/FEZDFI
VuPMON/GKZ0ELY
COMMON/MLZALPMA ,BETA
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COMMON/MNZALPNLT7 455) s CPNL7,55) ,CPXNISS)EMNISS) GAMNISS ), HN(7,55),

ILSPNI5S ), QN(SS5) RHONI(I55) RNI55) s THNIS5) 4 TN(35) JWN(55) s XMUNI(55)
COMMON/HP/BETANILG Y, .. MBED

COMMONZ/FQ/7JCHEM JNSPL T I55)

COMMONZQAZHIT 455) +Q155) sPHOI55) 4 XHULS5)

CCNMONR/CS/RHOPLZ) 4 400TIT4955) +HDOTCIT) 4 WP (2) s XMUP(2)

COMMON/SC/BQAN(S5) +DALPNIE?,55) s DBANISS5) sDCPXNIS5) s DDALPNIT7+55)
10TAUN(55) ,TAUN(55)

COMHON/ST/I13,IRECIKSeKFIRST{KKKQ,PSTAR

COMMON/TS/DVISH,CVISCLIFS, MMM, VISA.VISC

COMMON/TUZBQ(55) 4 JALP (7,550 ,08Q(55),0CPX(55),00ALP(7,55),0TAU(S5),
1TAU(5S)

COMMON/TV/ALPP(7,2) .RPET,BAP(2),0ACHP(7,2),0ALPP(7,2),08QP(2),
10CPXP (2) ¢COALPP(7+2) 4 DTAUP(2) 4 DTCHP(2)+G.HP(2),PPL2),QP(2),
ZTAUPL2) 4 THPLZ ) TR (2),YP(2)

COMMON/VR/ZICONT , [END KT+ THBPN, XBPN

DIMENSICN OQUMMIET)

I=1StK)

IT1=2

BET=1ETB ()

IT11=1

XAx=1.

ICCC=C

t=1

Iv‘ F{K/2)®2.NE.X) L=~1

M= IS (K) "

IF(BETA.KE.0.) GO TO P210

TAUNIM)=TAU M)

BANIMI=BC (M

OCPXNLIPFI=CCPX (M)

D.AUNINI=DTAVIX)

DBGN (M) =DRQ (M)

CPXNIM)=CPX (M)

DO 8211 J=1,NSP

DALPN{J,M)I=DALP I,

DOALPN(J,NI=DDALPIJ M)

A_PNLJUyMI=ALP! "), 1)

HWCOTC tJ)=0.

WOOTN(J,MI=0.

HN(M) =WNIT)

CONT INVE

CONTY INUE

IF(BETA,GT.0.)RET=BETANIK)

I7=1

CA:-1,

SA=0.,

VT=0N{(I) *COS(BET=-THN(IN)

UL1=QN(T) SCA*SINCBET-THNII))

u1=A8s5(Ul)
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82ce

R2C1

82c3
9191

8205

3274

8202
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XMS=RHONCTI) *uUl

GN=GAMK(])

GP1=(GNel )

GM1=GN-1,

RNI=1./RNL])
AML=ULSS2E MINFOO2% (GAR/GAMNCII *RNIZTN(IN)
IFC(IT,€Qe1IU2=U1IGMLOXML42,)/GPL1o0KM
RH2P=XMS/ZL2

P2H=XMS® (U1-U2) ¢PNLT)

N2=NTve2

Vi=v2eug®v?

v2=V2eu2es?2

HE=].

00 1460 J=1.NSP

HE=HN (ue IV SALPN(J ) #HE
H2=HE64IV1-V2)/72.%EIN

I171=1

Ti=TNtD)
TFOIITI.ECL2)T2=T1®{2.*GN*XMI-GM1)I®(CML*XM1+2.)7(2.%GCP1)®0OXM
CALL THERMOI(T2,r1.CP1)

Hze=Q.

NC 82€1 J=1,NSP
H2P=H2F¢BLPNIJL,M) *H1 (J)

ERR1= (H2-H2P)/HE

IF(ARSIERRL) LT.1.E-0G8) GO YO B282
IIT1=1IT101

IF(IIT1.67.15) GC TD 4203
IFLIIT1.6T.2) GC TN R204

ERR2=ERKL

Y2222

T2=72%1.71

G0 T 82C¢C

WPITE (6,9191)

FORMAT(1HY)

WRITE (G,8205)

FORMAT(® ERROR IN TEMPERATURE LCOP IN HSMOCK®)
stToP

DUM=T22-ERR2*(T2-T22) /LERRL-EPRCZ)
T22=72

T2=0Uuv

G0 TO 826¢

CONT INUE

RH2=PZH®WUN(MISGEN/T?2
ER={RF2-FH2PI/RHO (D)
IF(ABS(ERI.LT.L.E-BIGO TO 7
IT=IT+1

IF(IT.6T.15060 TC 130
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IFLIT.GT.2)RC 10 &

FP2=ER

U22=Je¢

UzZ=y2%.9%

G0 TO0 S
100 WPITE(E,9191)

WRITE(6,200)
2CC FCRWAT(® ERRNOK IN HUGCNIOY LCOP IN HSHOCK®)
STre
DUM=U22-ER2%¢y2-y22)/ lER-ER?2)
ER2=ER
uz22=y2
y2=0uwm
Go 10 S

7 CONTYINUE

CB8=COS(BEY)

SP=SIN(IFT)

IFUIK/2V% . EQ. ) U2=-UZ

QN2P=-y2°CA

Uv=yTe*Ca-CN2P®*SH

WV=VTeS8eGNZP*CR

PHE2=ATAN(WV/UV)

C2=SAPT (UVSUV+RVEKWY)

IF(IFPBECL.FQ. 1) GC TO 3535

YN(M)  =Y(M) ¢ ,S5%(TAN(BET2I(K) )*+TANCHET))®OELX

DEL=1,

IF(BETB(1) eENeleeANDLBITR(2) EQL 2 AND.BETBI3)eZQedesAND.BETB W) .

A€GC.0.)GC YO 777

IF(BETB(1) oGV e0.oCR.BETAI3) (GT (V7727 ,77¢
777 CALL LPCINT(M,1.)

GC T0 775
776 TF{MMM/292 ,€EQ.MMM)CALL LPOINTIM,C )
775 OfL=".

S1 A=Q.

S2A=C.

S3AT=C.

GAMB=GANF (1)

PE=PP (1)

ca=QP (1)

RHO3=RKCP (1)

THR=THP (1)

WB=WP (1)

XMUB: XMUP (1)

Ya=yYP(1)

Ai=F1 (M)

A2=F2(M,51A,524,S3AT)

IF(JCHEN.EQ.1) GC TO 7254

A3=0,

650 TO 7257

[+l

BIS
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7254 TP1=(TP(1)eT2)/2.
DICHP (1)=CTCHP (1) /2.
00 1552 J=1,NSP

1552 OUMMLJ)=CACHP(),.1)72,
AZ=F3UTPL0TCHP (L) TP (1), T2, TP (1) ,PHE2DUMM P (L) HNIN))

7257 CONTINUE
oPT=-1,
IFIIK/2)%2.EQ.X) OPT=1,
AL=FL(BETA,~OPTXMUL{1) ,THP (1), XMUN(M)TEN(M))
A2=z=(A2¢A3) " AL
PSH=PP(1) ¢ (OPT* (PHE2-THP (1)) ~A2%DELK) /A1
ER3I= (PSH-P2KH) /P (M)
IF(ABSIEFR3) LT, 1.E~-3160 TO 19
IT1=IT141
IF(IT1.67.152G0 10 1(2
IT11=1T11+1
TF(IT1.EG.2) GO TO 1430
IF(ERLI%ERILT.J.) GO TO 1%
IF(AASIERLI-ER3I).LT.5.E-06) GO TC 1492
IF{ABSIER1).GT.ABS(ER3)) 6O TO 1630
IF(ICCC.EG.1) GO TO 103
AXX==3,4
cee=1
IT11=1711-2

1430 ER1=ER3
PETLI=BET
BET=QET+.01*(ITL11-1)*PET®XUX
GO T0 15

1492 BET2=(BET-BETL )*20.
ERL1=ER3
BFET1=CET
BET=8BET+BET2
60 TO 15

1C3 WRITE(6.9191)
WRITE t6,220)

220 FCRMAY(® ERROR IN SHOCK ANGLE IN HSHOCK®)
sToP

14 DUM=BET1-ER1I®(BET-3ET1I/(ER3-ERL)
ER1=ER3
PETLi=FET
BET=0UN
15 YN(M) =Y(M) + . 5*(TANIRETEI(K) ) +TANIBET))*DCLX

IS5=IS(K)
YN .6) =.N(HW)
KS=1S (X)
LS=KS
KY=xS
IFIKe€EQe2.0RKoEQats) KT=KT=1
CALL CPCINT
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G0 TO &
19 PETANIK) =8E"
YN (M) =6 (TANIBETH(K) Y+ TAN(QE TAN(K) V) SDELX+Y M)
I15=1S (K}
YNI(IS) =¥YNIM)

3535 CONTINUE
FN(M) =P2H
GN(M) =62
THN(M) =PHEZ
RHCNI(M) =RH?

TN(HA)=T2
RN(MI=RC/ZWN(P)
CPXN(M) =],

D0 16C1 J=1,NSP
HN(JoPI=HL L)
CPNLJ#I=CPL ()

1601 CPXN(MI=CPUN(M) ¢ALPHIJ M) *CPNII M)
GAMNIM)=CFXNIM)IZ(CPXN(M)I-RNIM) /CPIN)
ORM=1 70N (M)
FEN(MIZON(M)PEVINFOSCRT(GAR/ZGAMNIM)ISHRMZTNIM))
IF(EMNIMYLLT,.2.00C1) GO TO 1402
YMUN(PI=ZPULEMN(M))

16402 CONTINUE
RETURN
END
SUBROLTINE SHITCH(J,.K)
COMMON/RBAZALP (7+55) JEMINF o WINF
COPMON/BL/XMASS (ES)

COMMON/ZCIZCP (7,55),CPLLT7)CPXLES)
CCMMON/EF/ZEMI(55) 4GAMISS) ,P(55) ,THI55) (Y (55)
COMMON/ZFL/M(55) . X (55)
COMMCN/PQR/ICHENNSP,L,T (55)
COMMON/ZQA/HUT7 ¢55) +4Q(55) RHOI(55) 4 XMUI55)

COMMON/ZRC/RI(55)

COMPMONZTL/BQ(55) yCALP(7,55) 408Q(55),0CPX(55)400ALP (7,55} .,0TAU(55),
1TAUL(SE)

X (Jr=Yxy ()

Y (Jr=y ()

[#] tyr=0 (x)

p tJr=9 (<)

T (Jr=i (K)

W tJ)=H (<)

R (J)=R (K}

EM (JI=EM tK)
™ (N=TH (<)
8a tJr=¢eq (x)
TAU  (J)=TAU (K)
980 (J)=D08B0Q (K)
GAM (U)=G&M  (K)
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QHC  (J)=RHY (K)
XMUY= XML (K)
CPX  (J)=CPX (X)
NCPX (J4)=CCPX (K)
O0TAU (J)=0TAU (K)
XMASS (JI=XMASS (K)
0C 138 JJz1.,NSP
M (JJeJ)=H (JJeK)
cP (JJsJ)=CP (JJs X)
aLe (JJeJ)=ALP JJ»X)
DALP (JJsJI=DALP (JJeK)
COALP(JJJI=0FALP(JI.¥)

108 CONTINUE
RETUAN
END
SUBROLTINF PMIM, L IFAN,K,IPT.XCPT)
CCmMMCh/AL ARG W
COPMMON/ZBL (LPET74,55) ¢S MINF WINF
COMMOAN/ZC. 7CPET745S),CPL(T7).CPX(55)
COCMMON/CK/ZATMOLELT)
COMMON/ZFEC/CPIr 4 RC
COPMON/ZEF /EMISS Y, GAM(550,P (5SS, TH (550 4,¥Y(55)
COCPMQOM/FM Z7EIN PR, XLE
COCMMCON/F - /7GAMINF oML LT ) 4 QINF
COMMON/E Z/HIS55) 4 X (553)
COMMONZFC/ZJCHEM RSP, T (5€)
COMMOKZCA/HIT 455) 3 Q€551 ¢RHOLES) s xMU(S5)
COMMON/RC/RISS)
TI=LexCPy
0P=A"_CGI(F(M) ZF{IIM)/Z/FLOAT(IFAN-1)
IFF=[FAN
He=0.
D 2 (=140SP

2 HO=HOM (J,M)BALP (Y. )

DO 1 LL=2,]IFF

N=fL=~1e¥M

IFCL7/72)%2.EQ.K) N=MeoLi ¢}
KK=N=1

IFULIK/Z21%2,EN.%) KK=N+]
XYIN)z=X(KK)

PINYzPIKK)/ZEXP{LCP)
ALM=CP/GAMIKK)
RHO(N)=RMC(KK)/EXPLALNR)
G=2+.*GAMLKK) 7 (GAM(KK) =1 ,)
CAz-GP*(PIN) /RHOIN) =P IKK)/PHOIKK) )
GINY=CUIXKI®QIKK) +QQ

GIN) =SQRPT (QINY)

H2=HE=-QG/72,®EIN

ITT1=1
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8203
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LY4 8

82(4
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T1=T (KK)

IFCIIV1.EC.1) T2=T1%.99

CALL THE' 3(T2,H1,CP1)

H2P=0.

00 & J=1.NSP

ALP(JSNISALP LY, KK)
H2P=HZ2P+ALP LU N) *HL1 (J)

ERRL= (H2-H2P) /7 Nb

IF(ABSIERRL) .LT.1.,E-08) GO TO 8202
TIT1=T1IT1+1

IF(IIT1.67.15) GO TO 682i3
IF(IIT1.6T7.2) GO TO 8234
ERR2=ERR1

¥22=12

T2=72%,99

GO 10 82CO0

WRITE (6,9191)

FORMAT(1K1)

WRITL «&,8205)

FORMAT(® ERROR IN TEMPERPATURE LCCP [N PM*)
SvToe
DUM=T22-ERR2* (T2-T22)V /7 (ERRL1-ERR2)
eRR2=FRRY

122=T72

T2=0UM

GO TO 8209

CONTINUE

TN =T2

WIN) =0,

CPXI(N)=(.

DO S J=14NSP

CP(JNI=CPLILN

HUJeNI=H1 1))
CPXINI=CPX{(N) ¢+ALP (JsN)*CP1(J)
WIN)=WIN) SALP(JyN)I/HTMOLE(J)
WINI=1,/7WN)

RINI=RC/M IN)
GAMINI=CPX(N)7{CPXIN)-RIN)/CPIL
ORN=1,/R(N)
FMINIZQINICEMINFOSART (GAR "GAMINS *URNZTINY)
XMUINI=ZMUIEMIND)
THINI=THIKK)=QPTOALNO®(COSIXMU XN ,3SINIXMUIKK) ) +COSIXMIIN)I*ST
INIXML (NS, 5

HE=M2

CONT INUF

RETURN

END

SUBROUTINE CHEM(FAS)
COMMON/BAZALP (7 455) o F MINF s WINF
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COMMON/CA/HDOTNIT 455) 4 XN(55)
COMMON/CB/BETB(4) ,IS(4)
COMMON/DF/YNIS5)
COMMON/ZEF/7EM(55) 4GAMI55) 4P({55), TH(55) ,Y(55)
COMMCN/HI/DALCHU,) 4DTCHENM
COMMON/CP/ZALPE(T) 4PHILS5)
COMPCN/PLC/UWIS5) ,X (55)
COMMON/PG/JCHEMNSP,T (55)
COMMCN/QA/M(7455) «Q(55) +RAO(55) 4 XMULSS)
COMMON/ZQS/RHOP(2) JHNOTI7,56) WDOTCH(7) 4WP(2) ,XMUPL2)
CCMMON/VT/DACH(7,55),0TCHIS55),0VISO,VISD
COMMON/KV/NPTS ,RE 4 XBP X J
COMMCN/YZ/BPRESUSCHEMFCCPRESUGEMSUB,RTH XS P
IFIJCHEM.EQ.T?) GO TO A351
S888098888 (CHIMISTRY PACKAGE ©esssssssss
0C 3355 L=1,NPTS
00 99 v=t,6
IFLIS(M)aEQ.0) GO0 VD AY
ITEST=IS(»)-1
IFEIM/2)2,52.M) ITEST=ISHM)
IFILEGeITEST.ORLEQ.IVEST¢2) GO TO A398
89 CONTINUE
FAT=ABSIPHI(L))
IFCUFAT.LT4.02).CR.I(FAT.GT.108C.}) GO TO 83948
b=l
OX=SQARTUIXNIL)I=X(K}I®®2+(YNILI=-Y(K))®22)}2PTH
03 8350 J=14.NSP
B3SC ALPB(JI=BLPLU.X)
CALL BCCLSUTIK) 4P UKD 4 GUK) 4 IHOU(K) ¢ ALPBLNX,L)
0C A301 J=1.NSP
8301 DACHJeLI=DALCHIUN)
DTICHIL)=CTCHEM
GO T0 8355
3398 DTICHILI=0.,
00 8329 J=g.NSP
NDOT (JeL)=0,
WOCTNC(J.L)=0.
8329 DACH(J,L)=0.
8355 CONTINUE
GC T9 w00¢
B351 DC 6108 L=1.,NPTS
0TCk(LI=C.
DO 83C2 J=14NSP
WCOT (JoLY=0.
WCOTNCJWL)=C,
B83C2 DACHIJsL)=0.
61CC CONTINUF
»w0Cf CONTIMUE
RETURN
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END

SUBROUTINE SHEAR{I, ASHEAR)
COMMON/CU/ZCP LT ,55) ,CPL1L7)CPX(55)
CCHMMON/CKZHTMOLELT)
COMPON/EF/ZEM(S5) 4GAMISES) ,P(58) 4 THISE5) ,Y(55)
COMMON/ZGK/ZOELX

CCPMON/PC/HISE) (X (55)

COMMON /PGQ/ICHEM,ASP,T55)
COMMONZGA/HAT F514Q(E5) 4RHI(ES D 4 XMU(55)
COMMON/SS/ALL AL 2+8321,9G2,C1eC2+CM1,CH2,081,002,001,002+0T7T2.0T2,0V
AL oDV2 oPX1.PX2¢eTAL TAZ2,THLTH24V1ieV24Y1,Y2
COMMON/STZI13¢IRECT oK +KFIRST KKKQ,PSTAF
COMMONZTL/ZAN(55) DALP (7,55) 4080 (S5),DCOXI55),03ALPIT,+55),0TAUL5S),
1TAUL(ES)

COMMCA/VT/ZDACHI7,55) ,0TCHI55),0VISD,VISE
COMMON/ZRY/NP YIS, PELXBP X

DIMENSION S3ID?)

k=1

Vi=Vv2=VvISC

Cvi=0v2=(VISC

TAL1=TR2=TRAULXK)

CT1=D12=0DTAU ()

Y1=¥2=Y(K)

THL=TE2=THI(K)

S10=S1UXJ,RE)

CKH20=(.

D0 1L J=1.NSP
CH2D=CHZC¢DALP(JK)OCPLY,LX)
BG1=RBGC2=EC(K)

C1=C2=CPXx(K)

081=0€02=CEQ(XK)

PX1zPX2=CCPX (XY

CH1=Cr2=2CH20

S20=SZ(XJWRE)

S30T=(.,

DO 23 J=1.NSP

ALL=AL2=CALP (J.¥)

DN1=DC2=CDALP () ¢K)

S30tUI=ST(XJ4RE)
S3CT=CSICT+SICLII/WTHOLE(J)

PK=1./P 1K)

SH1=S1D/7GAMIK) *PK/ZEM(K) *82

IK=1.7Q(Kk}
SHE=-(GAMIK)~-1.)°S520/Ga"(K) *PK®]K
SHI==W(K)*3IDT/RHO LK) *NK

IF(XJ.EQ.G' SN“=00

IFIXJ.EGeL) GO TO ul

IFIK oNEs1.0RaYIK)GTo1.5=6) GO TO 3C
Skez=THI2)/Y(2)
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GO TO &0
30 SHL=SIN(TH(K))IZY (IX)
%0 CONTINUE
00=1,.,70ELYX
SHS==DTCHIK) /T (K)*OD*COSI(THIK))
0U"=°0
D0 S50 J=1.NSP
€0 DUM=DUMECACHh({JoK)I/WTMOLE (J)
SH6==N{K) *DUM/DELX®*COS(TH(K)}
SH=SH1¢SH24SHI+SHULESHS+SHE
ASHEAR=~GAMIK)®*P(K)SEM(K)*®2¥SH
RETURA
END
SUBROUTINE PRESSUIN,P, TH,THN)
COMMON/ACZIBOD.PIN
COMMON/WXZAPRESS . APRESU
COMMON/YX/ABODS 4PPRESS, CPRESS
P=APRESSeX®*(BPRESS+CPPESSSY)
P=PSpPIN
THN=TF
RETURN
FND
FUNCTICN XVIS(A)
COMMON/BA/ZALP(7,55),E MINF,WINF
COMMON/DB/BETB(4) IS ()
COMMON/FH/ZXKL 4 XK3,XPOT
COMMON/ZQAZHIT7455) ¢NNI55) ¢RHI(55) 4 XMUISE}
COVMONZRV/ZNPTS,RE 4 XBP 4 XY
DATA IVIS -7/
IDUM=r" 1S
I0C=1
TFUIS (W) o T.0)IDD=IS(4)
IFI(IS(3).GT.0) IDUM=IS{3)-1
ouML=0.
RU=RHO(ICCI®*7 10D}
IDE=100+1
00 10 I=TICE.,IDUM
DUM=ABRS(RFO(II*C(I)-RU)
IF(DUV.LT.DUML) GO TO 10
DuMi=DUN
10 CONTINUE
IF(ALP(4,41).GT,.99 ) GO TO 30
IFIALF(Ge1) LT 1 E=JF.ANDXBP, LT XPOT) GC TO 30
IFCIVIS.EG.O) XVISI=YKL1®RF*XBP*OUML4XK3
IF(IVIS.EC. D)
IWRPITE (6,9696) XBP,AVISL
9696 FORMAT(32K VISCOSITY MODEL SWITCHED AT X =f1{.3,14H VISCOSITY = ,
1£313.5)
Ivis=1
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N

20C2
93191

2004

2073

2001

2005
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XVIS=XxvI<i

GC TC «?

CCNTINUE

XVIS=XK]1*RT*XEP*QUML ¢ XK2

CCNTINUE

QETURN

ENC

SUBRQUTINE COWL
GOMMCN/BAZALP (7 ,55) 4EMINF WINE
COMMON/CJI/CP (7 455)4CPLI(T)CPX(55)
COMMON/DB/BETRIL) IS Y)

CCMMCM/OF/7MM

CCMMON/ZEF/EM(55),GAM(55) ,P(55),TH(55) ,¥(56)
COMMCM ZHJZKOUNT LLZ NPT

COMMON/HLZALPHA,RETA
COMMCNZEP/Z7ALPHET,55) s CPNIT 4551 4 CPXNISS) oFMN(55) ¢GAMNIES) ¢HN(T? 455),
ILSsPNI(S55),QNI(55) qRHINLL5) 4RM(55) , THN(552, TN(55) yUNI(S56) 4 XMUN(55)
COMMON/HP/QETAN (W) IEMBD

COMMCN/FC/AHI(55) ,Xx(55)
CCMMON/ZFC/ZJCHEM G NSP,T (55)
COMMON/GA/ZHIT 55) 4 Q(55) 4RHO(S5) 4 XMU(55)
COMMON/RC/RI(SE)

COMMON/TL/ZBN(SS) 4CALP (7,55) +0DBC(5C),DCPX(55),DDALP(T,55),0TAU(SSY),
1TAULSE)

COPMCN/RV/ZNPTS ,RELXAP . XY

ALPHA=1,.

AETA=C,

NPTSSS=NFT

NPT=NPT-3

IFIP(NFTeMM)=P(NPT)) 2071,2G(2,20%3

WRITF (£,9191)

FCRMAT(1K1)

WRITE(6,2004)

FCRMAT({1M1,67H ERRN® [N INPUY DATA - NC PRESSURE DIFFERENCE ACROSS
1 SPLITTER PLATE/Z23H SET INPUY - INTACT = 0)
STCP

OPT=1,

Kzl

IS(K)=NPTESS=1

L=1S(K)

M=L¢MM

GO TO 2n0°¢

CPT=‘1Q

K=3

ISIK)=NFTeMM

M=NPY

L=MeMy

IFAN=MM-2

KOPT=CPT®1,5
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Ir1

20C6

267

N313=NPTSSS=2%K"2Y
IFCIK/2)22,EQ.K) N1
DC 3CC MN12=N13,NPTS
KS=NPTS+N13=-N12
J5=K5¢1

CALL SWITCHUJE,K5)
CONT INUE
NPTS=NPTS el

30 331 It1=1,4
IF(IL1.EC.KY GO TC
IFLISEI12Y 0T N1
CONTINUT

LL=L+xCPY
TaviLLy=C.
PNILY=P L)
THRIL)=Tr (L)

2 NtL)=C (L)

T NtL)=T (L)

R ONCLIZR (L)
RHON(L) =R+ (L)
GAMALL)=GAMIL)
fQILLY=0,
2CextLLy=C,
DTAUCLLYI=O,.
psacLLr=¢.
cextiL)=g.
WNILY=WIL)

DC 2706 J=1.,NSP
HNGJLI=HJ, L)
DALP(JeLL)=D.
DOALP (J.LLI=C.
ALPN(JsL)-ALPLJ,HL)
ITT=1

86

3= NP TSSS

e
T2(TI119=IS(I13) el

PETAL, , ~(TH(L)-0PT®XMUIL))*1,.31

8ET=8E18(K)
1EMBEN=Y

CALL FSHCCK(K)
TEM3EC=(
KK=LL*KCFT
Po(LLI=P NILL)
(LLy=¢ ~OLL)
L=t NLLLY
WooiLer=w  NlLL)
R (LL)=F NUILL)
TH (LL)=TH NOLL)
EM (LLI=EM NULLY
XMUTLLY=XMUNILL)
GAMILL)Y =GAMNILL)
RMOILL)I=RKONLLL)

- o
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203

16

15
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COXELLI=CPXUNILL)

(KK)=F NLL)

(KK)=G NILL)

tKK)=T NILL)

(KK)=W N{LL)

IKK)=R NLL)

TH (KK)I=TH N(LL)

EM (KK)=EM N(LL)
XMUIKK)I=XMUNTLL)
GAMIKKI=GAMNILL)
RMOEKK)=RHONILL)
CPYIKKI=CPXNCLL)

DO 2008 J=1.NSP

H (JeLlL)=H N(JoLL)

CP (JsLL)=CP NEJ,LL}
ALPUJLL)=ALPN{J,LL!}

M (JsKK)I=H NlJolL!}

CP (JoKKI=CP N{JWLL)
ALP(Je~K)=ALPN(J,LLL)
xLL)=xin)

XIKK)=XIL)

THS=TH (KK}

CALL PM(PL L IFAN,%,CPT,XOPT)
NNN= [FAN=L M

TF(IK72)%2 ,EQ.K) NNNz=M=IFANe]
THPM= THINNN)

ERR=THS-THPM

AF(ABS(ERRY JLT,1.E-04) GC . 15
ITT=1TT41

IF(ITT.CT.15) GO 1D 1.2
IF(ITT.GT.2) GC TO 14
ERL=EPR

BETL=BET

PET=1.01%BET

PETB(NK)=PET

GO 70 2707

WRITE (6,203

FORMAT(® EQPOR IN BFTA SHOCK IN CNWL®™)
CALL EXIT

DUMI=BET1~-ERL* (BET-BETL) 7 (ERL -ERL)
ERL=ERR

BETL=FET

BET=UUM]

BETB(KI=BET

GO YO 2007

CUNT INUE

NPY=NPTSSES

RETURN

END

O X =D O
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SUBROUTINE DPOINTIX.' ?

COMN. /8 /GARLGEM

COMYOL/8.. ALP(74553 ,EMINF HINF

COMNONICY/CP (T7455)9CPLLT7) LCPXISS)
COMNMON/ZCY /W TMOLE(TY

COMMON/QP/ZYN(S5)
COMNON/ZEF/Z7ENIS55),GAMI55) ¢ PISS) o THISS) oY (55)
COMMCNR/EF/GAMINFHML(7 ), RINF

COMMONZGK/ZDEL X

COM's LN/PO/HLSS) o X155)
COMNONZPG/ICHEMNSP,T (55)
COMMON/GCA/ZHLT 455) ,QI655) 4 PHO(S5) , XMULSE)
COMRON/TU/ZBNUSS5) J0ALP (7,55) yDRQ(55) 4DCPX(55),DDALP(7,55),0TAULSS),
1TAUL55)
COMMCN/ZTYZALPP(7,2) +BET,RQP(2) 4 DACHP (7+2)sDALPP(T7,2),08QP (2),
17 "PXP(2) ,COALPPIT42),DTAUP(2) ,CTCHPL2) GANP(2) ,PPL2),QP(2),
2:8UP (2D THPL2), TP L2} ,YP(2)
COMMON/VTZDACHI7,55) 4 DTCHI55) ,OVISD,VISD
Iv=1

YO=(YP(1)eYP(2)) /2.
QAT=(Y0=YF{1))/7LtYP(2)~-YP(1))
ALAMD=TAR(THP (L)) +RATS(TAN(THP(2))=TAN(THP(1)))
YAT=YN(L)-ALAMD®DELX
ERR=ABSIVAT=-Y0)ZIYP(2)-YPIL)))
IF(ERP.LT.1.E~-05) G TN 18

Y0=YAY

IV=1T+¢

IFLIT.LEL.21G) GO TC 16

HRITE(E€4+9191)

FORMAT (LML)

WRITE (64202)

FORMAT(® ERROR IN D POIMNT ITERATICN®)

stTopP

Y{K) =YD

P (K)=p PLL)RATS (P pPt2)-e LIPRE

Q (K)=C P(1)sRAT® (] Pt2)=-Q PLL))

T (K)=T PlL1)+RPATS (T PL2r=1 PUL))

TH  (K)=TH P(L)RATS{TH PL2)-TH P(1))

AQ  (K)=@eC P{1)eRAT®(BQ PL2)-0Q P(1))
TAU (K)=TAU P(1)+RAT®(TAU P(2)=TAU P(1})
080G (K)=0EQ P(1)+RATS(DNQ P(29-080 P(1))
DCPX (K)=DCPXP (1) ¢RAT® (DICPXPI2)=-0CPXP (1))
DTAU(KI=CTAUP(1)eRAT® (DTAUP{2)=-NTAUP (1))
DTCHIK)zDTCHP (1) ¢RAT® (DTCHP(2)=DTCHP(1))
CPXIK)=0,

WtK)=(.

CALL THERMO(T(K)H1,CP1)

00 1 J=1,NSP

H (JeKI=N L10J)
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CPLtUK¥=CPLLY)

ALP  QJoKI=ALP Pl LIRATSIALP PlJUe2)=0LP PLJI,1))
oAt (JoK)=DALP FlUs1VeRATSIDALP P(J,2)=DALP PlJ 1))
CACHU YK I=DACHP (U1 )oRATS (NACHP (J42)-DACHP IS, 1))
COALPUJoKI=0DDALPP (U1 ) *RATS (CDALPP LI 2)=-COALPPIJ,1Y)
CPXUIKI=CPXIKIALP(JsKI®CP(J,K)

WEK) =WIKD) $ALP (JK) Z7HTHMOLE (J)

WIK) =1, /7K (K)

RHC(K)I=P (KD SW (K)I®GEW/ T(K)

RETURN

END

SUBROUTINE STEPIVIS)

COMMON/ACZIROD, FIN

CORMONZAXZJISUBL , JSVUIY

COMMON/CA/ZWDOTNET +55) 4 XN(S5)

COPMCAN/CB/BETRIL) ,IS(G)

COMMON/CP/ZYN(SS)
CCMMON/EF/ZEY(SS ),GAMIS5) ,P(55), THI(55) ,Y(55)
CCMMON/ZEG/ZEIN PR XLE

CCMMON/GE/RADWRCOLUINGVISINF

COMPMON/GK/DELYX

COMMON/RJZKOUNT L LLoNPY

COMMONZHP ZALPHMIT oS5 ) o CPNIT455) o CPANISS) oEMNISS) 4GAMNISS) s HNIT +55)
ILSePNISS) ON(SS) JRHONISS) (RNISS) s THNISS) s TNISS) 4 HN(55) ¢ XMUN(SS5)
COMMON/CR/ THBP, Y3P, YOPN

COMMON/FQ/ICHEM NSP,L T (5E)
COPMON/ZGAZHIT +55) +Q(55) sRMOI55) « XMU(55)
COFMOAN/ST/TI13.IREGT oKSeKFIRSTLKKKG,PSTAR
CCPMONZUY/ZTI1L. IERR, IPRESS, IPRPESU,ISUB

COMMON/Y TCONTGIEND¢KT o THRPN, X IPN
COMMON/NY /NPTS L PE 4 X0 ,XJ

COMMON/ZHUX/APRFSS,APRESU
COMMON/Y2/BPRESUCHEMFCoyCPRESUSEMSUB, »TH XSTEP
NIMENSICA DELLXUISE) ¢ XW(2) o YWI2) ¢ THHW(2)

DATA I13/47

CATA IREG1/7Y/

1spo=¢

1SPA=¢

NSAVE=2

Wt1d=C.,

XWi2)=10000.

YW(1»=10960.,

YW(2)=10G00,

THW(L )],

THN(2)=0,

1SuB=0

JSUBL 2NPTS ¢

JSUPU=NPTSeL

0C 910 I=1.NPTS



920

IF(EMLIN.GT . EMSUB) GO TO 918
JSuBL =1
I1Sue=1
60 T0 8a¢
910 CONTINUE
GO TO 801
800 CCNTINUE
00 802 I=1,NPTS
II=NPTS-141
IF(EN(I]) .GV .EMSUP) GO TO AL2
JSUBU=13+2
G0 Y0 831
802 CONTINUE
861 CONTINUE
IF(ISUB.EQ.0) GO TO 10
113=1
KF IRST=KCUNT
17 CONTINUE
JoumM=JSueL -1
NP2=NPTS~1
00 499 K=1,NP2
DEY=VY (K1) =¥ (K)
IF(DEY.LT1.E-08) GO TO &9%
IF(KoGEJSUBL L ANDKLELJDUM) GO TC 498
ENI=XML(100Ca o THIK) o XMULKD) oG 400 .)
EM2=XM2 (10000 o THIK1) yXMU(K®L1) 9 J)eel.)
DELLXIK)=(Y(K*L1)=YIKD) D/ LEML-EN2)
IFLBETR(1) ENe0coANDLBETRI2) o€EQ 0+ ANDLBETB(3).EQ+T..AND.BETB (L),
AEQ.0.)60 70 499
IFI(BETB(1)eGT0..0RBETR(3I)GTL.T.9G0 TO 499
IF(KEQ ISUI) ORKEQISIINIDELLXIK, =DELLX(K=1)
IFIKeEQ.ISL2) cORK.EQISILIIDELLXIK=-2)=0ELLXNIK=2)
GO TO 499
498 DELLXIXK)=1.E+06
499 CONTINUE
DELXM=CELLX(2)
D0 501 K=2.NP2
IFCOELLX UKD LTLOELXM) DELXM=DELL XK
S01 CONTINUE
IF(BETR(1)4EQc0..ANDBETB(2) sEQeD e ANC.BETBI3I)EQ.DeAND.BETB(L),
AEQ.0.)G0 TO 777
IF(BETB(1)4GToa0.cORBETBII)GT (W) 777,776
T77 DCHAR=DELXNM
GO TO0 775
776 DCHAR=2.%DELNM
778 IFIXLELEQeD+sORVIS,EQ.2,YG0 TC 50
Vi=1./VIS
DELV=,5CPRORESVI/XLE
G0 70 S1
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53 DELV=3.
$1 D0 502 K=1,NPTS
DELVLI=1.E417
IF(KNE]? DELY=VIK)-Y(K~1)
IFIKLMENFTS) DELYY=YV (K#L1)=Y(K)
IFIK.EC.1) DELVY=DELYY
IFtK.EQ.NPTS) CELYY=DELY
IFMOELYY L TLOELY) DELY=DELYY
IF(DELY.LT.1.E~-08) GO TO 582
DELVI=0FLVYORHO(K) *QIK)ISDELY**2*COSITHIK))
502 DELLX(K)=CELVL
DELXM=0ELLX (1)
N0 504 K=2.NPTS
S0t IFIDELLYC(K) JLVLDELXMYODELXM=DELLX(K)
OSHEAFR=CELXM
DELX=1,7(1.70CHAR®Y,/70SHEAR)
DELX=0ELX/XSTEP
IFCISPALEC.1) GO TO &
IsSpPa=1
CALL SPACE(1SPP)
IF(IT11.€0.1) RETURN
IFC(ISPP.EC.1) GO FO 10
& CONTINUF
IFGJCHEM.EQ.0) GO YO 4275
D0 505 I=1,NPTS
CTEST=CLIVPUINCL,L,E~7/RTH
CTEST=CHEMFCOOTESY
505 IFCDELXN.GT.OTEST) OELX=DTEST
4275 CONTINUE
IF(T13.NEeleORKOUNT.NELKFIRSY) GO TO 4545
KKKC=KCUNT#2C
4545 CONTINUE
IF(EMEISUBUY LT 41,050 KKKQ=KOUNT+]
XHT=XBPeCELX
RA=1,./7RAC
IFIXWTLTXWILY) GO 1D 741
IF(XHT.LE JXWINSAVE)) GO TO 5209
THBPN=0.
XBPN=XN(NSAVE)
YBPN=YHW (NSAVE)
I111=1
60 T0 5210
5209 CALL TBLU(XWT,THBPN,XW,THH,NSAVE)
GO0 To S204
7Ll THBPN=zTEBPSDELX/COS (THBP) *QA
62C4 OELX=CELX/COS(THBP)®(COSI(THBP) +COS(THEPNI )72,
XOFN=XWTY
YBPN=YEP+ (SIN(TFBP) +SINITHBPN) ) ®*,SSOELX/COS(THBP)
5210 CONTINUE



5211

6211

1re7
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00 52131 I=g,.NPTS

KNCI)=XEPN

YNCII=VIIDOFANLITHAIN) ®0ELX

THNC(IY=TRL])

IFCLIACO.EC.1) CALL RODYIXNIL) ¥N(L1),THNIL),0)
IFLIPRESSEQel) CALL PRESSIXNTIL) JPNIL)THI1) THNILY)
IFCIPRESULEQel) PNINPTISI=PIN® (APRESUSXNINPTIS) *{BPRESU+CPRCSU*
IXNCINPTISI)

IFCIPRESL.EQ.LY RETURN

IFI(Y(NPTS) .EQ.YEP) GO TO 6211

CALL CODY(XWNT,YNINPTS) o THNINPTS) 41)

ANINPTS)I=XUT

RETURN

ANINPTISI=XEBPN

YNINPTS)I=VYAPN

THN(NPTS)=THBPN

RE TURN

ENO

SUAGRQUTINE SSONICLING)

COMMON/ZAC/IROD,FIN

CCMMONZAXZ7JSUBL »JSUSY

COMMONZEC/XMASSISS)

COMMON/CG/ZAUP BUP,CUPDTSPRI(55) ¢DUPL,EUP+JCONV, THPRI(55),YPRI (55)
CCMRON/DPZYNLSS)
CCHUMONZEF/Z7EM(SS) o CAMISS) 4P I55) 4, TH(55) 4 Y(55)
COMMON/GKZOELX

COMMONZMIZ/KOUNT LL NPT

COMMON/ZHLZALPHA,BFTA

COMMON/ZHIFZALPMN (74551 s CONIT7+55) o LPXNISS) EMNISS) s GAMNISS Do HNIT7 455) &
TLaPNISS5) sONISS) s RHONISS) RNISE) s THNISS) 4 TN(SS) ¢ WNI(55) s XMUNIGSE )
COMMON/RC/ZAPD , AP] ,AP2

CCMMOM/ST/I13,IRFGIIK JXFIRST,KKKQ,PSTAR
COMMON/UV/TI11, IERRY IPRESSy IPRESU.ISUB
COMMON/VYW/ZICONT , IENDo KT o THAPN X PN
COMMONZWV /NP TS sRE JXAP o XY

DIMENSICN EZ(2),ERET(2) ERTHLI2)

DATA LKIP/Z3/7.LNEZ17,LICQ/074LICK/0/,L1JUMP/G/

DATA DTHG/0./

IFC(IL3eNEl . ORKOUNT.NE.KFIRST) GC TO 1777

XKF=XEP

CALL OPCYM(THSBOT,JSUAL)

ATH8=Y(JSUBL)

BTHB= TANITH (JSUBL))
IF{IREGI.EQ.OICTHB=THSAICT/COSITHIJISUBL))®*3
IF(IREGINE.O)CTHB= (CTHR4+DTHBE*XDEL)

DTHB=0FNHO

XMKF = XMASS (JSUBUY

CONT INUE

K=JSueu
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DQ=ABPN=-NKF
0S=1.76.
00=1.724.
YNC(K)=AUP+BUPSLCQ+CUP*0Q**2° ,5:0UP*0Q**3I*0S+EUP*DQ**4%0Q
THNI(K)=ATANLBUPCUP*DQ+DUP*DN(Q® 2% S5+ EUP*DQ**320S)
DS=2.%0ELX/7(COSLYR(K) ) ¢COSLTHNIKI N
THGH=THN (k)
YGH=YNLK)
18001=16CC
1800=1
IPRES1=IPRESS
IPRESS=0
IPRE UL1=IPRESU
IPRESU=0
ALSV=ALPHA
BESV=0ETA
CALL LPOINT(JSUBU,0.)
K=Jsuey
THNIK)=THGH
YNEK)=YGH+
‘LPH“=QS
RETA=,.5
CALL LPCIANTIJSUBU,.0.)
ALPHA=zALSY
GETA=RESY
K=JSysu
THN(K)=THGH
YNIK)=YCM
1800=18001
IPRESS=IPRES1
IPRESU=IPREVUL
0S32+P0ELX/Z (COSLTHIK) ) +COSITHNIKI )
PSA= (PNIX)~P (K} ) Z0S
THSA= (CUP¢QUP®CQIEUP®DQ®*2% ,5) *COSITHNIK)) *°3
PNA=GAMKIK) *PNIK) *EMNI(X) ®S20 THSA
PYUzCCSULTHNIKDII®PNASSINITHNIK) ) *PSA
K=JSusL
DO=XBPN=XKF
YN(KI=ATHO+BTHB*CQeCTHB®DQ®* 22,54 0THB*DQ**2%0S
THNIK)I=ATAN(BTHEeCTHBSDQ+0THB®DN"82%,5)
THSB8= (CTIrB+DTHE®DQ) *COS(THN(K) ) *°3
DS=2.*DELX/ (COSUTHIK) )+COSL{THNIK)))
PYB=APY
ITEL =1
IET=0
1790 AP2= (PYL-PYB)S,57 (YNLJSUBU)=YN(K))
APDZPNIJSUBUI =, S® (PYBSPYU)® (YNIJSUBUI =YNIK) )
AP12PYB
PNIK)=APD

JNL'IaquB
POOAany
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358

17489
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ICONT=1

IEND=0

KP=zK

L=K

KT=K

PSTAR=PN tK)

YGH=YNIK)

THOM=THN{IK)

CALL CPCINT

YNEK) =YGH

THNIK)=THGH

PNB= -GAMA (K) ®*PNIK)SEMNIK) *820THSH
PYE2=3CCS(THN(K) ) *PNB

ET=PYE=-PYB2
IF(ABSCET)LT1.E~(5) GO TO 1789
IET=1ETe)

IFUIET.LT.2%) GO VO 6532
WRITE(EL,ESID)

FCRMAT(® ET LOOP IN SSONIC®)
stToP

CONT INUE

ERETC(ITEL)=EY

IF(ITEL.GT,1) GO TO 358

ITEL=2

PY81 =PYR

PYP=PYB2

GO Y0 1790
PYBD=PYSL1-ERET(L)*(PYB=-PYBI)/(ERET(2)-ERETIL))
PYB1=PY8B

ERET(1)=ERET(2)

PYB=PYED

GO TO 1720

CONTIMUE

ICCNT=1

TEND=C

JSuBLi=JsSuBL*1

JSLBUL=JSUBU~1

D0 1734 KkK=JSUAL1,JSUBUL
K=JSUBU-KK+1

THMNIK)=TH(K)
YNIKI=TAN(THIK) ) *DELX SV (K)

PN ' =APO*APLI® (YNIK)I=YNIJSUBL) ) #AP?2 S(YNIK) -YN(JSUBL) ) ®82
KIP=1

ME=1

KP=K

L=K

KT=K

PSTAR=PN(K)

0S=22, *0FLX/LCOSITHIK) ) +COSITHNI(K)))
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YNIK)SVIK) ¢ . S*(TANCTHIK)DSTANCTHNEK) ) ) ®DELX

YOH=YN LK)

THGH=THN(IK)

CALL CPCINT

YNEIKI=VGH

THN(KI=THGH

YNCK) =V KD+ SO UTANITHIK) ) ¢ TANCTHNCK) ) Y *0ELX

KP=Keq

TERN= (RHCN UK *QNIK)I *COSCTHN LK) ) ¢RHONIKP) *QNIKPI®COS (THNIKP) ) 22,
XMDUM=XPASSIKP) + TEPME (LYNIKIS* (1 o XJ)=YNIKPI®® (L. eXJN) /7 QL. ¥XJ)
01J=1.0Xy

YRIKI= (YN (KP) *9CLJ+QL1J* IXMASS(KI=YMASSIKP)) Z/TERM) ** (1,701 ))
CONT INUE

IF IKOUNT ,NE,KKXQ=1) RETURN

XMOIFF=aXMKF «XMASS (JSUAY

JK=JSUBL+2

DC 347 I=JK.JSUBU

XMASS LI I=XMASS(I)+XMDIFF

JSUL1=JSUBU~-3

WRITE(6,1418)

FORMAT(LCXN*CORRECTED INTERMEDIATE STREAMLINES®/72X,SSTREAMLINE NO.
1PN ONS 12X, OYE 11X, 2THE)

DC 368€ Kk=1,JSUl

K=JSURU~-KK

KIP=4

MEs}

OTERM=0,

OYOX=TANLTHPRI(K))

02YCX2=2CI1EPRIIKIZCOS(THPRIIK)) *33,.5

IF(K.EQ.1)02YDX2= CTHO®,5

XDEL =XBPN=XKF

YSTARSYPRI(K) ¢OYOXSXOEL ¢D2YOX2*XDEL**2¢DTERMSXDEL**3%0S
THSTARZATANCOYDX42, *N2YDX2*XCEL*DTERM*XDEL®*2%,5)

KP=Ke1

TERM= (RHON(KP)I*QNIKD) *COS(TRNIKP ) ) +RHONIKI®QANIK) *COSE THSTARY ) 72,
XtJ=g.4%J

XMOUM=XMASSIKP) ¢ TERMP (VYSTAR® XL J~YNIKP) *S X1 ))/X2I

EZIME )2 XMDUM=AMASSIK)

IF(ABSIEZ(NMEDN ) JLT.14E=06 ) GO Y0 603«
KIP=K]IPe1

GO TO (6041+6C42)4ME

ME=2

OTERMi=DTERM

DYERN==,01/XDEL**2

GO TO 603C
DTERMO=OTERML=-EZ(L) S (NTERMDTERMLI/ZIEZ(2)=EZ(2))
DTERM1=0TERM

DTERMNSDTERMD

E2(L)=E2(2),
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IFIKIF.LE.20) GO TO 6030

WRITE(6,6081)

FORMAT(® TOO MANY ITERATIONS FOR ONE POINT IN SSONIC®)
stTop

IFIK.EC.1) GO TO 6036

YNIK)=YSTAR

THNIKI=THETAR

XOELLI=XCEL/G,

00 1417 1=1,4

XDE=XDELI®FLOATII)

XPRNT=XKF+XDE
YPRNT=YPRI(X)+DYCXEXDE+D2YDOX2*XDE**2¢CTERN®*XDE®*3* (S
THPRNT=ATAN(DYOX42,.%D2YDX2*XDECDTERN®XDE®*24,5)
WRITE(641419) K XPPNT ,YPRNT ,THPRNT
FORMATISX 155X 33EL13.5)

CONTINUE

GO TO 386

ERTH=THSTAR-THN (JSURL)

JCONV=0

I13=2

ERTHL ILMEIZERTH

IF(LIJUNP,EQ.1) GO TO 2501

IF(ARS(ERTHL (LMED ). LT..0C1) GO TO 2501

LKIP=LKIPe1

GO TO (2502,2503).LME

LME=2

DTHB2=DTHE

DTHQ=CTHE-.05

GO YO 2504&

IF(LICC.EG.1) GO TO 2505

IF(ERTHLULI) PERTHL(2).LT.0.) GO TO 2505

IFILICK.EQ.1) GO TO 2506

LICK=1

RTHL==,5

IFIABS(ERTHL (2) ) oGTLABSIERTHLIL))) RTHL==RTHL
TF(ABSIERTHL(2) ) .GT.ABSEERTHLIL)) JAND.LKIP.GE. 4} GO TO 26537
DTHBL=DTHER

DTHB82=0THB

DTHQA=DTHR#RTHL

ERTHX=ERTHL (L)

ERTHLILIZERTHL (2)

IFILKIP.LE.10) GO TO 2504

WRITE (€,2508)

FORMAT(® TOO MANY ITERATIONS IN LOWER WALL LOOP IN SSONIC®)
StToP

PHBSERTHL (1) PDTHA®S2-ERTHL(2) *OTHB2%*2+ERTHL (2) *DTHBL*®2-ERTHX®
10THB® 324 ERTHX*DTHB2%#2-ERTHL (1) *DTHBL #®2

PMC=ERTHL(2) *DTHB2<-ERTHL(1) *OTHE+ERTHX*DTHB=-ERTHL (2) *DTHB1
1¢ERTHL 1) *DTHBL-ERTHX®*DTHB2
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DTHQ==PMB/(2.¥P¥C)
LIJUMP=1
GO T0 25C4
2505 LICQ=1
DTHO=0THR2-ERTHL (1) *{DTHB=-DTHB2) 7 (ERTHL(2)-ERTHL (1))
DTHB1=0THR2
OTHO2=0THP
ODTHQ=CTHO
GO T0 25C9
2501 JCCNV=1
11320
LKIP=1
LME=1
LICQ=C
LICK=C
LIJUMP=Q
IREGI=1
0THQ=(C.
25GL IF(JCCNV.EQ.C)DTHB=0THA
386 CONTINUE
PETURN
END
SUBRQUT INE RODYIXL+Ye TH ID)
COMMON/ZAC/IFO0D,PIN
COMMON/X0O/X00
COMMOR/2Y7A200,RB0D«CR0D,ES0DFPOC,6B00,IAVE s IPUNCH,,JB0D ¢ KKKKK
X=X1
IF(ID.EQ.1) GO TO @
1F(1800.EC.0) GO TO 1
X=Ki=X00
Y=AB00¢X* (BARONe x*CARNNY
TH=ATAN(BBOD+2.°CROD* X)
GO 10 2
1 v=0.
TH=0,
60 T0 2
& VY=EBODeX®(FBOD+X*GBON)Y
TH=ATAN(FROD+2.*GROD®*X)
2 RETURN
ENC
SUBROVUTINE DPDTHLDTOS,I)
COMMON/ZAX/JSUSBL ¢ JSUBU
COMMON/ZEF/ZEM(55 ) ,GAM(SS) ,P(55) 4, THI55) ,¥(55)
COMMON/RC/APO,APL,AP2
CALL SHEAR(I,ASFMEAR)
ASH= ASHEAR
PY=RAPL42,%AP28(Y (17 ~Y (JSUBLY)
D2=2Y (I¢1)=-Y(])
M=y (IV-Y(1-1)
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SuM=D1+02

RAT1=01/02

RAT2=C27C1

IFLT.GT.JSUBU) PY=(P(T+1)RATLI~PII)*(RATL-RAT2)-P(I=-1)*RAT2)/SUNM
THY2 (THII+1)SRAT1-THII) *(RAT1~RAT2) =TH(LI=1) *RAT2) 7SUM

nP0S S(ASHECOSU(THIIV) 2 2-GAN(T) *PLI)*ENM(TI®*22COSITHII)I®*THY
1=SINCTHIIII®PY)I/ZLEM(T)®®25COSITHITI)®®2<1,)
DPON=PY/CCSUTHIINI-TANI(THLI})*DPDS

6S=1./76Ar (1)

SM=1,7EM(1) %82

DTDSs=-CPIN®GS/P (YD *SH

RETURN

END

SUBROUTINE CPOINY

COMMON/AL/GARGEN

COMMON/ZBAZALP(T7055) yEMINF o WINF

COMMONZBC/GAMPB,PB oAV yRHOR G THE ¢ Wi o XMUB . YD
COMMONZCAZHOOTNIT? ¢55) 4XNLSS)

COMMON/CJ/ZCPLT,455)4CPLLT) +CPX(55)

CCMMON/CK/ZRTMOLELT)

COMMON/OB/AETB (L) oIS %Y

COMNON/ZOP/ZYN(SS)

COMMONZEC/CPIN, RO

COMMON/ZEFZEM(55) oGAMISS) 4P(55) 3 THI55) ,¥Y(55)

COMMON/ZEG/ZEINGPRGXLE

COMMON/ZEP/GAMINF o HL (7) 4RINF

COMMON/GF/OELYOVISA. KQUNTI,VISA

COMMON/GK/ZOELX

COMMON/HML/ZALPHALRETA
COMMON/ZHPZALPNI7,55) o CPNIT455) sCPUANISS) JEMNISS) ¢ GAMNISS o HN LT 455)
ILoON(SS) sCNISE ) ¢RHONISS) s RNISE) ¢ THNISS) s TNISE) 4 WN(E5) . XMUN(SS)
COMMONZNN/ZCHC(2) 4CPBIT) CPXPL2) +DALDIF(7),DALPB(7)+DDALPBIT)DELS,
AEMP L2V HBUT) o HCL7) oRP(2) o SIALT ) 4S3IBIT}I oS3D(T7)HOOTBI7IXP(2)
COMMON/PL/ZWIBS) X (55)

COMMON/FQ/JCHEMoNSP,T (55)
COMMON/ZCAZH (T 458) ,Q(55) sRNO(55) « XMY(55)
COMMON/ZGCS/ZRAOP(2) 4HDOTUT755) 4WDOTC(7) (WP (2) 4 XMUP(2)
COMMON/SG/BAN(55) s DALPN(7+585) 4 C2QANISS) sCCPXNISS)  DOALPN(7,85) ,
L0TAUN(85),TAUNISS)
COMMON/SS/ALL4AL2+B01+802+C1+C2+CHLoCH29DBL140B2,+D00140024DT140T72,0V
ALoDV24PX1oPX2sTAL TA24THL,TH2eV1oV20Y1,V¥2

COMMON/ST/ZIL3,IREGIvK oKFIRSTIKKKQA,PSTAR
COMMCN/TS/0VISO.OVISCoIFS MMM, VISO,VISC

COMMON/TU/BQ(55) 4 DALP (7455) 40BQ(55) s DCPX(55) 4 DDALP(7455),0TAU(55),
1TAULSES)
COMMON/TVZALPP(T742) +BET 80P (2) ¢DACHP(742) yDALPP(T7,42),08QP(2Y,
LOCPXP L2) 2 DDALPP (7,21 4DTAUP(2) 4OTCHP(2),GAMP(2),PP(2),0P (21,
2TAUP(2) s THP(2) 4 TPL2) ,YP(2)
COMMON/VT/ZDACHI7+55) o DTCHIS5) 4 OVISO,VISD
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COMMON/YH/ICONT o TEND, KT, THBPN,( XBPN
COMMON/ZWV/NPTS ,RE o X8P o XJ
ODIMENSION ALPSS(7),DALPSSET7) +ODALPS(7),HSSIT)ILCPSSL?)
DIMENSION DUMCHP(?) . DACHSSIT)
IFLIEND.EC.1) GO TO 601
EN3=XM3 (ALPHALBETA, THIK) , THNIL)Y)
XNIL)=XAFN
IFUIFSeECL ANGLEQe ISIMMM)) EMI=TANIBETB(MMM]))
IFCIFSeEQeZ e ANDGLLEQAL ISIMMMI) EM3I=,S® (TANIBETBIMMM) ) +TANIBET))
YNIL )=V IK) eDELX®EMS
IFLICCNT EQ.1) GO TO 601
KPp=1
EM2P=XML CALPHA,BETATHIKT®L1) y KMULKT#1 )4 THNIL) s XMUNIL))
EM2L XML (ALOCHA BETATHIKT) o XMUIKTI o THNIL) o XMUN(L))
351 EM2K=Q.5*(EM2LSEM2PY
XP(KP)=XEP
YPIKP)=YNIL)-DEL X®EM2K
Kir2=0
IFUYPIKP I LYo YIKTRLI L, E-05,AND. YP{KP) +GY. . YIKT)=1,E~05) GO TC 2012
4150 FCRMAT(315,6E13.5)
WRITE (€,9191)
WRITE(6.415(C) KP sLoKToALPHAGYPIKP) YNIL) 4 THNIL) o XMUNTL) o PNIL)
WRITE(H0111) VIKT) ol (K)oDELNGEMEK o XBPNGTHEK) o XMULKT) 4 XMUIKT#1),
L1DELS s THBFNLDELYsYIKT¢1)
WRITE $6,2300)
20G0 FORMAT Q7w ¥ LOCATION OF CHAPACTERISTIC CN ORIGIONAL DATA LINE IS
10UTSIue. CF BOUNDING STREAMLINES IN CPOINTY
stopP
201 RATB=A{YPIKP) =Y (XTI IZ(VI(KTeL)=-Y(KT))
EM22EM2L¢RATB* (EM2P=-EM2L)
Y8Y=YPLIKP)
YPIKP)IsYAIL) ~DELX®EM2
IFLCABSIYPLKP)-YBT) 7ABSIYIKT21) =Y IKT D)) LT.0.u1)G0 TO 2.2
KIP2=KIP2¢1
IFI(KIP2.LE.20) GO YO 201
WRITE (6,9191)
9194 FORMAT(LINYY
WRITELE, 2001
20C1 FORMAT(56H UNABLE TO LOCATE Y LOCATION CF CHARACTERISTIC IN CPOINT
1)
sSToP
202 RATB=LYPIKP) =YIKTII/ZLVIKT¢L)=YIKT))
QPIKPI-CIKTI+RATB* L QIKT+212~-CIKT})
PPIKPISPIKT) ¢RATO*IPI(KT¢1)=P(KT))
TPIKP) zT(KTIORATR*(TIKT+1)=T{KT))
THPIKPIZTFIKT)I4RATOS {THIKT#1)=THIKT))
TAUP(RPISTAUIKT) ¢ RATEB*(TAULKT *1)=TAU(KT))
BOP(“PISBCIKTICRATE*LOQAIKT¢L)=-BCIKTY)
DCPXP (KP)I=NCPXIKTICRATOC (DCPXIKT+1)=DCPXIKT))
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DTAUPLKPI=DTAUIKT)+RA 1% (DTAU(KT+2)~DTAULKT )

DBRP IKPI=CBAQIKT) ¢RATB*(DBALIKT+1) -0BQIKT))
DYCHP(XPI=DTCHIKTI+2ATB* (DTCHIKT+L)~-DICHIKT )
CPAPIKP)=0.0

WPIKP)=],0

CHCEKP)=0.

CALL THERMO(TP(KP),HR,CPB)

N0 4320 J=1, NSP

TUPP LU KP)I=ALP (U, KT) ¢RATAS(ALP(Js KTH1)=ALPLY, KT))
NALPPIJWKP)=DALP Yy KT)ERATO®(DALPIJ, KTe1)=DALP(J, KT))
DOALPF (J,KPI=DCALP(Js KT)RATB®(DDALP (Y, KT#1)=DDALP(Js KT))
CHCIKF)=CHCIKP) +CALPPLY,KP)*CPB(Y) R
CPXP{KP)=CPXPIXP, tALPP{JyKP) *CPOL.)

WPIKPIzWPI(KP) ¢ ALPP(JKPIZ/HWTMOLECY)

DACHP LI KPIZDACH{J KT ) eRATI®*(DACH (JoKT#1) =DACH(JIXT))
IFIKPNELZIHC TO 4020

WOOTS(YIZhDNT(UJKT) ¢RATAS(UDOT(JsKTHL)=HONT(JKT))
CONT INUE

WP IKPY=1 ,ZWP (KP)

RPPIKP)=RC/WP IKP)
GAMP(KPY=CPXPIKPY/Z (CPXPLIKP) -RP(KP)/ZCPIN)

RK=1,/7RP (KP)

RHOP (KP) =PP(KP)*KF (KP) *GEUW/ TP(KP)
EMPIKP)=CPIKPISEMINFYSQRT(GAR/GAMPIKP) ®RK./ TP IKP) )
AMUP (KP)=ZMUCEMP (KP))

IFIKP,FG.2) GO TO BN}

KP=2

IF(IFS.tCeO) KT=L

EM2P= XM2 (ALPHAJBETASTHIKT#1) o XMUIKTSL) o THNIL) o XMUNIL) )
EM2LXP2(ALPHAGBETATHIKT) g XMULKT I 4 THNIL) o XMUNIL)Y)

GO YO 351

GET ALL THE PROPERT.ES AT THE G POINT

CONT L NUE

IF(IFS.EGC.0) GO T0Q ReCO

Y SS=v (K)

P SSs=p {K)

Q SS=Q (K

T SS=7 (1.4

TH SS=Tk (K)

80 €$=8C (K)

L] SS=u (x)

TAU SS=TAU (KX)

RHO SS=RKHC (X)

CPt SS2CFX (K)

08Q SS=£8C (X)

0TAUSS=DTAU(K)

DCPXSS=COPXIK)

CTCHSS=DTCHIK)

DO 1555 JsLi.NSP
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CPSS L UN=CP LI K)

HSS Izt JeXK)

ALPSS tUN=ALP LI XD
DALPSSLINI=0ALP LI K]}
DACHSStJI=DACH IS +K)
CCALPSLJI=DDALP (J.K)
caLl EPCINTIK,.L?

X¥=K

CONT INUE

CH20=C.0

00 4338 J=1, NSP
CH20=CH2C+0ALP (UKD CCP LU LK)
CONTINUE
IF(BETAMELL(IGC T9 4036
TAUNIL)=TAULK)
aaNtLI=aC (K)
NCPANILY=DEPX KD
CTAUNILI=CTAULK)
N9EN (LY =CRAIK)
THRILI=THIX)
CPXNLIL)=CFX(XK)
TNALYI =T ) e DTCHIN)
WNIL)Y =N K)

cH2C=CH2C

DO 4735 J=1. NSP
DALPNIJLLI=DALPLIWK)
ODALPNIJoL)=0CALP LYK)
HCUJ)=H{JK)
HWOOYCEJI=hDCTINIJIWL)
CONTIANUF

CONT INVE
IFIRETA.EC.C.0) GC TO 3(2
CH2r =G,

DC 331 J=1,NSP

BC W) =HA L)eK)

WOOTC tUI=WDOTNIJWL)
CH2C=CH2C*DALPNLJ,L) *CPNIJLL)
CONT INUF

Vi=vITtA

ve=v1Ise

Qvi=0DVISA

Jv2=0VISC

TAL=TAUP (1)
TA2=TAUNIL)
0T1=0TAUP (1)
DT2:0TAUNILS
eQ1=08GF(})

8Q2=8CN(L)

Yi:=YP(1)

OF Pogp quAdE I
WaLrry
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v2=YNIL)
THLI=THP L)
TH2=TENILY
C1=CPXPL1)
C2=GPXNIL)
084=D08QP 1)
982=08QN (L)
PX1=DCPXP (1)
PX2=0CPUN L)
CH1=CHCL1)
CH2=CH2C
IF(ICONT.EQ.1) GO T1 4369
S182S1{XJRE)
S24=S2(XJ4 Q€D
V1=VISD
0V1=0VISD
TA1=TAUIK)
0T1=0TAUCK)
801=8C 1K)

Y=Y LK)
THL=THIK)
Ci=CPXRIXK)
081=0€a(K)
PX1=0CPX (K)
CH1=CH20
$102S1(XJ4RE)
$20=$2(XJ4RE)
IF(ICCNT.EQ.1) GO T9 6627
IF(L.EC.NPTS) GO T3 5427
Viav1se
OVi=DVISE
TA1=TAUP (2)
OT4=0TAUP ;2)
801=80P {2)
Y12YP(2)
TH12THP(2)
C1=CPXP(2)
081=08QF (2)
PX120CPXP(2)
CN1=CHMCL2)
$18251(XJsRE)
$26%S2 (XJ4RE)
CONT INVE
SSAT=0.0
$387=0,0
$307a(,0

00 4040 Je=i, NSP
AL23DALPN(JoL )
0022 D0ALPN (s L)
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IFLICCNT.EQ.1) GO TO 4311
vi=visSa
0v1=DVISA
AL1=0ALPPY.1)
001=0CALPFLI,1)
801=8QP (1)
TH1=THP (1)
Yi=vypPLg)
S3atJ1=S3(XJ,RE)
S3AT=S3AT+SIALIN ZWTMOLELD)
6311 AL1=DALP(J.KT)
CC1=DCALPLIKT)
vi=vIse
ovV1=0VISC
8Q1=8CIKT)
TH1=THIKT)
Y1=Y {KT)
SIDLII=SIIXJLRED
S30Y=S3CT+S3IDtII/ZUTMOLELD)
IFLICCNT.EQ. 21160 TO 4940
IFtL.EQ.NFTSIGO TC 4049
Vi=VIS8
gvi=pviSe
AL1=DALPP (J42)
OC1=0CALFFlJ.2)
8Q1=80P(2)
THI=THP(2)
Yis¥P(2)
S3ILII=SIIXJRE)
S30T=S38T4S3B(JIZ7uTHOLE ()
4040 CONTINUE
IFIICCNT.FO.1) GO TO 6429
GAMB=GAMF L)
PB=PP (1)
18=0P (1)
QHOB=GNCF (1)
THE=THP (1)
WezWP (1)
XMUB=XMUP(1)
ve=vP (1)
Ai=F1 (L)
A2=F2(L,S1A,S2A,S3AT)
IFLUCHEM,.EQ.1) GO TO 7252
a3=0.
GO TO 725%
72¢2 DO 1712 J=1,NSP
1712 DUMCHPIJI=(DACHP (Je1) #NDACH(J KDV /22,
DTCHP (L) (OTCHP (L) ¢DTCHIKI ) 22,
TPA=(TLLI TP L) +CTCHILI Y 72,
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7253
1713

7256
6429

630

631
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AZ=FIATFL,0TCHP L) TP L) o TNCLD o THP (1) o THNCL) 4 OUMCHPHP (1) ,WNIL))
AL=FLIBETAGL1a o XMUP (L) ¢ THP L) ¢ XMUNIL) o THALL) )
A2=(A2¢A3) *AL

IFLL.EQ.KFTS) GO T 6429

GAMB=GArP (2)

PO=PP (2}

a8=QP (2}

RHOB=RNOP(2)

™M8=TH+P(2)

NO=WP (2)

XHUB=XPUP (2)

Y8=YP (2}

31=F1(L)

B2=F21L+.S19,52P,538T)

IF(JCHEV.EQ.1) GO TI 7253

3=,

GO Y0 72%¢

00 1713 J=1.NSP

DUMCHFE ()= (DACKHP (J,2) ¢DACHIJWKD I 72,

DTCHP (2)=(DTCHO(2) ¢DTCHIKI ) 72,
TP2=LTILITP(2)eDTCHILIY /2,

B3xF 34TP2,0TCHP 2D oTPI2) o TNILD) o THP(2) ¢ THNIL) sDUMCHP WP (2) (HWNIL))
CU=FLIBETA =1, XHMUP(2),THP(2) s XMUN(L) o TENIL))
B82=(02¢82) R4

CONTINUE

IF(IERD.EC.T) GO 10 630

THNIL)=THEPN

PRNILI=PP LIS ITHP (1) -THNINPTS) ~A2*(XNINPTS)I=-XP(L1))) /AL
60 TO €31

IFC(ICCNT.EQ.0)
IPNILI=(A1°PP 1) ¢R1*PP (2) *THP (1) ~-THP(2) -
2(A2482)*xXN(IL) +A29XP(1)+B82%XP(2))/7(AL+8Y)
IFCICCANTEQ.1)
1PNIL)=PSTAR

IF(ICCONT.EGQ.0)

ITHNEILI=THP L) -A212 (PNIL)=PP(1)) =A2% (XNIL)=-XP(1))
CCATINUE

DELS=2s ®*(XNIL) =XI(KIDZ(COSITHIKII*COSLTMNILIY)
TERM2=RIFC(K) *CIK)

IF(BETALGT 0, TERM2=( TERM2+RHONIL) *UNLILY)®,5
0F=1.7TERP2

ANIL) = (S1CPDELS=PNIL) +P{K) ) *OT¢C(XK)
IF(BETALEC.0.CICPXNIL)=CPXIXK)

OTCHEP=OTCHIL) ¢ (PN(L)-PIK) )3 (ANILI+Q(KI D Z7ICPXIK)+CPXN(L))ISEIN®CT
DYOIFF=S20%NELS S IN®2.,7 LCPX(K) ¢CPXNIL))*OT

TNLL ) =T(K)*DTCHEMSOTOIFF

CPXN(L)=0,0

WNL)=0.0

CALL THERMOUTNIL) 4H1.CPY)

ORIGINAL PAGH I8
OF POOR QUALITY
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7360
900

1556
1361
111

105

00 4058 J=1, NSP
OALDIFCs¥=S300J)*0ELS®OT
ALPNLY, LI=ZALPLJ LK) ¢DALOIFCJI*DACHIJL)
LORETSRELPYN))

CPNLJLY :CPLLY)
MNELY 2RN (L) SALPNEYS, LIZWTMOLELY)Y
CPUNILY= :FNLL) *ALPNIJ, LISCPNLY, L)
CONTIMUL

Wit ) =4. Z7uNLL)

RNLLI=RC/UNIL)

GAMNCLI=CPNIL) 7(CPANILI-RNIL)Z/CPINY
ORNz1 /RN ALY
RHONCLI=FNLLY) *HHLL) *GEW/TN(L)
EMNILIZQH L) SEMIKF*SARTIGAR/ZGANNILI®ORNZTNIL))
IFCEMMILY LT ,1.0001) GO TO 900
AMURCLI=2PYLEMNIL))

CONTINLE

IF(IFS.EC.0) GO TO 1361

v "K)=Y SsS

P tK) =P sS

Q (K)=Q sS

T TK)I=T SS

L] L ¢ k1 ] SsS

™ tx)=T0 SS

8Q (¢=8Q SS

TAU (K)=TA) SS

D8Q (K)=Deq sS

CPX (K)=CPX SS

RHMO (K)=ANWO SS

oCPX () =0CPXSS

OTAUEK)I=DTAUSS

DTCHIK) =L TCHSS

D0 1556 J=1.NSP
ALP(JeKIZALPSS YD)

DALP (J+K)=DALPSSLY)
DACHE Jo K1 =DACHSSLY)

DOALP (U K23NDALPS (Y.

CP LI XI=CPSSILI

HEJeK)2HSS ()

CONT INUF

FORMATILOX43EL..5)

RETURN

END

SUBROUTTAE SPACE(ISPP)

CONMON, wC/IR0DLFIN

COM¥ /B L/5ARVGEN

CO~ UNZAX2JSUBL,JSUBUY
CCMMONZBAZALP(7,55) . TMINF WINF
COMMON/BD/XMASS (5F)



106

COMMON/CAZHDOTNIT7 +55) , XN(SS)

COMMON/CJsCPIET,55) 4CP1L71,CPX(55)

COMMON/ZCK/ZWTMOLE (7)Y

CONNON/DB/BETRIL) 1S L)

COMNON/ZOPZYNESS)

COMMON/EDZCPIN,PC

COMMON/ZEF Z/EMUIS5 ) 4GAMI55) 4 PI55) 2 TH(55) ,Y(55)

CCMMON/EP/GAMINF o HL (7 ) 4RINF

COMMON/GKZ0ZLX

COMMONZHPZALPNET,55) 4 CPNILT455) ¢ CPXNISS) JEMNISS) ¢GAMNISS) oHNIT7 455) 4
ILPNEISS) oCNIS55) JRHONISS) (RNIS55) s THNISS) s TN(SS) o HNISS) ¢ XHUN(SS)

COMMON/ZPE/ZHI(SS) . X (55)

COMMON/ZPG/ZICHENNSPL.T(S5)

COMMON/ZTAZHLT 550 ,0(55) ,RHO(55) s XMU(SS)

COMMON/ZQC/ZR(55)

CCMMON/RC/APDAPL,AP2

COMMONZSGC/7BANL(S55) sDALPNLT7+55) o DBANIES ) yLCPXNI(55) o DDALPNIL7 +55)
1OTAUNL55) ,TAUN(SS)

CCMMOA/ST/I13,IREGI K 4KFIRST,KKKG,PSTAR

COMMON/TL/BQIS55) 4CALP(7455) 2DBQ(55) sDCPXISS) 4ODALP(7+55) . DTAULSS)
1TAU(SE)Y

COMMON/ZUV/TII11+1ERR,IPRESSIPRESU,ISUB

COMMON/WV/ZNPTS,RE +XBP o XJ

COMMON/RX/APRESSAPRESY

COMMON/XY/ZAPRS o APUSDELTAYL,ERQODS IB0DS,INTACT L IPRSLIPUS,ITYP,
1JB00SMHAX,RHEAT o XK2 4 XKL, YBOT VTP

CCMMON/YX/ABONS 4BPRESSCPRESS

COMMON/2Y/AB0D+BR0D,CBO0+E300+FB0N,GBODs IAVE) IPUNCH 3 JB00 s KKKKK

DIMENSICN ISN(4) 4XMASSN(55)

XJ2zLe=XJ

XJi=1.4%J

OY=DELTAY

DC 1 I=1.4%

IFCLISHIN) .EQ.0) GO TN 1

LELS

IF(LI/72)%2.EQ,1I) N=i

ISI=1S(I)

DYS=ABSIVIISTI+NI=Y(ISIe2%N))

IFIBYS.LT.2.%0Y) GO VYO 2

Cesssssses  ACC PY ON COWNSTREAM SIOE OF SHOCK Ssess

ISM=TSITV-]

IFC(T/72)%2,EQ.,1) ISu=IS(I)e2

DO 3 Kk=ISM,NPTS

K=NPTSeISMaKK

J=Kes g

CALL SWITCHUJoK)
3 CONTINUE

NPTS=NPTSL

1SPP=1
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IFEJSUBL.GT.IS(T) ) JSuBL=JSUBL *1
IFGJSLUBL.GT.IS(I)) JUSUBU=JSUBULL

DC « J=1.4

IFLISIILGTLISUINY ISCtIN=IS(Jde1

CONT INUE

IFUCTIZ72)%2.NELTI) ISEIN=IS(I)el

L=ISN-1

M=ISNeL

K=1ISM

RAT=,S

P Ky=p (L)SRAT®{P M) -P (i
™ (K)=TH (LISRATS(TH ") -TH i
X (K)=Xx (L) SRAT = (X M) =X w»
Y K)=y (LY SRATS (Y (LR wy»
[+] Ky=C (L) *RATS(Q (M) -Q w»
T K)=% (LIGRAT (T (LIEA] w»

ac (K)=8q (L) eRAT®(RQ (M) -BQ ()
TAU (K)=TAU (L) +RAT®(TAU (M)-TAU (LM
08Q (K)=CBQ (L)*2AT*(DRQ (M)-DBN (L)}
OCPX (X)=-DCPX (LI®RAT®(OCPX (M)-DCPX (L))
CTAU (K)=CTAU (L)*RAT*(DTAU (M)-DTAU (L))
XMASSIKI=XMASSIL) ¢RAT*(XMASSIMI-XMASS (L))
CPXtKI=0.

wiK) =G

CALL THERMO(T(K)HL,CPY)

00 5 J=31,,NSP

ALP  (JoKI=ALP  (JeL)eRATS(ALP (JoM)=ALP (JeLD)
DALP (JoK)=DALP tJoL) $RAT®(DALP (JoM)-DALP (JoL))
ODALP(JsK)=DDALPIJ,L) *RAT*(DDALP LI M) =-DDALPLJILL))
H{J.K)z=H1 (J)

CPUJKI=CPLLN)
HIK)=WIK) *ALP (I KI/ZHTPOLE (J)
CPXIKIZCFX(KD) +ALP(JsKISCP(J,yK)

CONTINUE

WK =1 ,7h(K)

RIK)=RC/K(K)
GAM{KIZCEXIKIZ{CPX(K) =RIKI/ZCP INY
OR=1./R K}

RHOIK)I=P LK) CHIK)®GEH/ TIK)

EMIK) =CIKYSEMINF®SNLT {GAR/GAMIK) *OR/T (K))
AMUEKI=2PULEMIK))

CONT INUE

YSN=Y (IST)+TANC(BETBI(ID))®*DELX
1FLL1/2)72.,EQ.1) GO TO €

J=I1St1)

K= Jel

EMP=XM2 (L eolas THIK) ¢ XMUIK) 90400
EHL*XVZ(!..B..TH(J).XHU(J).D..O.D
EMPL=XML (200 0o THIK) o XMULK) 9De9 00}
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EMLA=XML a0 0e o THIJ) o XMULID) 400 nl )

GO Y0 7

J=1StD)

K=J=-1

EMP=XML(LeoCao I N XMULI) 900sCe)d
EMLAML €10 oCao THUKD s XMULK) 4G eeC.)
EMPL=XN2810sBes THIIN ¢ XMULY) 404 o 0s)
EHL&=!HZ|1..0.;I’H(I(I s XMULK) 300 elad
EM3=XMICL o900 as THIKD 4G 0)

YON=Y (K)*EMI®DELX
YCT=YCON-CELXS{EMPI*ENLL)® .S

VYST=YSN-DELXS (EMP+EML)*,5
OYT==N*{YCT-Y¥YST)

IFIBETBUL)EQeQ oo ANDRETH(2) oEQ.0¢AND BETA(3)EQeVe.AND.BETB (&),
AEQ.Q0.)GC TO 777
IFIBETB(1)eGT o0 OR.BETE(3) GV ,,2,)777,77E

777 IFCOVY/ZABSIVIUI ~YIK)) GTae1d14775

776

IF(N®(YSK-YCN).GT.0Y®*,3)G0 TO 1
ISINN=IS(I) =N
IFCISIMNLEQ.NPTS,OR. ISIMN.EQ.L)G0 TO 1

Cevss039988 SYLTRACT PT FROM FREE STREAM SIOE COF SHOCK ®sse

775

9191
851

as0

L=Kel

00 8 Kz=LoNPTS

J=K-1

CALL SHITCHEJU..X)

CONT INUE

NPTS=NPTS~-1

I1SPP=1

IFEJISUBL.GT.ISIIY) JSUBL=JSUBL-2

IFWJISUBU.GY.IS(IN) JSuBU=JSYURU-~-1

G0 9 J=1,u

IFIIStIIGT.ISITY) IStAMI=ISWUN-2

CONT INUE

IFC(I/2)%2,FG. 1) ISIIN=IStI)-}

CONTINYE

IFCITYP.NEL1) GO TO 8590

IFINPTS.LTMMAX) GO TO 2121

1I11=1

IPUNCH=1

WRITE(6+9191)

FORMAT(1H1)

WRITE (6.851)

FORMAT(74H REQUESTED MAXIMUM NUMBER OF FLOW FIELD PTS. EXCEEDED, P
LUNCH FILE OBTAINED/97H RESUBMIT RUN WITH REDUCED NUMBER OF FLOW FI
1ELD PTS. OR INCREASE INPUT FOR MAXIMUM MUMBER OF PTS,)

RETURN

CONT INVE

IF(Y(1) EC.YBOT.OR, ITYP.EQ.4) GO TO 2170

IPRESS=1
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APPESS=P(1)/7PIN
2100 IF(YINPTS).EQ.YTP,OR, ITYP.EQG.3) GO TO 2161
IPRESU=1
APRESUz=PINPTS)/FIN
21C1 CONTINUE
IFINPISLT.MMAX) GO TC 10°7C
1SC=0
00 70C I=1.0
TCO IFLISEI)I.ANELO) ISC=ISCet
IFLITYPNEe2e0RVISCNELCLORGISURLNELDLIGO TO 7012
Ya=yYvp
IFAVINPTSILLE,YiP=-2.*DELTAY)YQ=Y(NPTS) +DELTAY
IK=1
Ix=1
NP=NPTS
IFCINPTS/2)®2,NENPTS) GO TO 702
8CC J=NPTSe1
K=NPTS
CALL SWITCHUJ.K)
Y{Jr=vya
NPTS=NPTS e}
YEUNS (Y (JISEXJ2eY (DI OXNJD=VIK) ®*(XJ2¢YIKI®NIII/XNJL
RQAV=PHCIK) *Q(KI*COS T THIK))
XMASS (JY=XMASS (K) ¢RJAVSYFUN
THINPTS)=C,
APRESU=PINPTS)/FIN
GO TO (702,903),1IX
€2 J=1
00 702 K=3,NP,2
J=Jet
CALL SMITCH{IJ,K)
T3 CONTINUE
DELTAY=CELTAY®2,
IFLIK.EQ.2) GO TO 770
NPTS=NPTS/Z2¢)
GC TO 1000
791 IFCITYPOREe3,0RISI3)LENeCeORVISURLNE.D.OR.ISC.NELL) GO TO 303
IK=2
NP=IS(3) -1
IFCINP/2) "2 .NE.NP) GO TO 702
I1G=4
IFIY (1) GE.YBOT+2,%0ELTAY 1 .€-03) GO 1O 70¢
YT=YQRO0Y
GO 0 707
706 VT=Y(1)~CELTAY
707 00 708 KK=i,NPTS
KNP TS¢1-KK
JzKel
CALL SWITCHIJ,K)

ORIGINAL PAGE IS
OF POOR QUALITY!
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7C8 CONTINUE
NPTS=NPTS¢1
D0 709 I=1,4

TC9 IFLISCI)eNELD) ISCIN=IS(I)ey
IF{ISUB.EC.0) GO YO 719
JSUBL=JSUEL¢1
JSUBU=JSUBU+L

710 viir=vy
YFUNS IV (2)0INJ24V (2D XMV =Y (1) ®(XJ20YL2)°XID I/ XS
RAAV=RHO (2) *Q(2)*COS(THI(2))
XMASS (1)xXMASS (29 ~RQAAVEYFUN
THi1) =C.
APRESS=P(1)/7PIN
GO TO (711,9€7),10Q

711 NP=NPeg
GC Y0 702

766 ISN(3I=NF/2e2
I0=1SU3)=-1ISN(3)
ISS=ISt3)
ISE3)=ISNIIY
DO 705 KsISS,NPTS
J=K=-10
CALL SHITCHCJWK)

7C5 CONTINUE
NPTS=NPTS-1D
GO 70 1000

303 ICT=1ISC
ITCP=NPTS
IF(ISt3)eNELO) ITCP=IS(3)~y
180T=1
IFCIS (L) .NE.O) TBOT=IS(b)e}
aTY=¥Y{ITCP)-V(IECT)
DELTAY=CTY/FLOAT((MMAX=(INPTS=ITOP)=IS(4))/2-ICT)
18=1807
ISN{1)¥=1IS(1)
ISNt2)=18(2)
ISN(3)=]1S(3)
ISN{G)I=IS(GL)
JSuBLN=JSUBL
JSUBUN=JSLAV
16e=16
IREG=)
IFLIS(2).EQ.0) GC TO 502
IT=1S542})
GO TC 502

501 IREG=2
IFLISUB.EG.?) GO TO 5%4
IF{JSUBL.EQ.1) GO TO 503
I1T=JSuBL
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St

ses

506
5C2

5932

3108
a2ce1

G0 TO 502

GONT INUE

I8=JSUBY

188=18

IREG=4

IF(IS(1).EQ.0) GO TO S05
IT=ISt1)-1

GO T0 502

IREG=S

IFLISt3).EQ.0) GO TO 506
IT=IS(3)-1

60 10 502

IT=NPTS

MP=(Y ({IT)=-V{IB))/DELTAY

L=18

J7=1
DEL=(YLIT)I=-Y(I0)/FLOAT(MP)
CONTINUE
J=180
K=18

Ni{JI=X ()

X

4 NtJ) =Y (14

Q NG =C ()

P N{J) =P (k)

T N(JI=T (13

W NiJ)=n (x)

R NlJIzR (x)

EM N{JISEM (K)

TH NtJI=TH X}

Q@ N(J)=80 (K)

TAU N(JI=TAU (K}

08Q NtJI=CBQ (K)

GAM N(J)I=GAN (K)

RHO N{J)=RHO (K)

XMU N(J)ZXMU  (K)

cPX NLJISCPX  (K)
DCPXN(J)=DCPX (KD
DTAUN(J) =DTAU (K)
XMASSKN(J)=XMASS (K}
003108 JJ=1,NSP

M NGJJe JI=N (JJ.K)
CP  NGJJeJI=CP (JJeK)
ALP N(JJeJIzZALP  (JJeK)
DALPN(JJI+ I 2DALP (JJeK)
COALPAMCJJI+JI=DOALP L JJ4K)
CONTINUE

60 TO (2201.2904),J2

00 60T KKzi.MP
IzKkK+108=1

111
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YN(I®1)=YN(]I) ¢DEL
602 IF(YNITI®L)GE.YIL)LANDJYNILI#1) LT .Y(L*1)) GO TO 601
L=Lel
60 T0 602
6061 PAT=CYNLITAL) =YL DZIV LR DY (L))
IF(IT.EC.JSUBY) GO TO 1200
PNLT+1)=F(LICRAT® (P(L 1) =P(L))
THNCI A1) THIL) ¢RATSLTHIL L) ~THIL) )
60 TO 1201
1200 CONTINUE
YYz=¥N(Iel)
PNUI+10=AP0CYYP (APLeYYSAPL)
THNC(TI+2)=0.
1261 CCONTINUE
M=+
K=1¢1
X LELSED (LI*RAT®(X (M) =X (L))
Y NIKI=Y (L)eRATS (Y (M) =¥ wh»
Q Nik)=C (L)eRAT S (N (M) -Q n»
T NIK)=T (L) ¢RAT (Y (M)-1 ()
80 NiK)=80 (L) eRATS#(RQ (M)-0C nm»
TAU NIXI=TAU  (LISRATS({TAU (M)-TAYU (L))
DBO N(KI=08Q (LISRATH(DRQ (M)-D9Q (L))
ODCPXN(KY=CCPX (L) +PATS(NCPX (M)-DCPX (L))
DTAUNIKI=CTAU (L) +RATS({DTAU (M) -DTAU (L))
XMASSAIKI=XMASSILI*RAT® (XMASS(MI-XMASSIL))
CPXN(K)=),
WNIK) =0,
CALL THERMOUTNIK) H1,CPY)
0055 J=1,NSP
ALP NCJIKIZALP  (JJL)SRATHIALP (JJMI=-ALP (U4l
DALPNIJGKI=DALP (JoL) #RATH(DALP (JoM)=DALP (J,WL))
DOALPNCJoKIZ0DALP (I L) *RAT*(COALP(JeM) =DBALPLIGL))
HN(J o KI2HLLD)
CPNtJKI=CPLLY)
WNEK)HMCKDISALPNIJLX) ZHTMOLE (J?
CPANIKIZCPXNIK) ¢ALPNIJsKI*CPN(J oK)
55 CONVINUE
WN(K) 21 .Z7WNIK)
RNIK)=RC/ZAN(K)
GAMNI(K)=CPXNIK) ZL{CPXN(K)=RNIK)I/ZCPIN)
RK=1 4 /RN LK)
RHCN(K)zPN{K) SWNIK) *GEN/TN(K)
EMNIK) ON(K) SEMINFE*SQRT(GAR/GAMNIK)I *RK/TN(K))
IF (EMNIK).GTo10)
L1 XMUN (K) = ZMU (EMN(K))
600 CULATINUE
GO TO (22C0,6034604956C5¢6M6)4IREG
2209 ISN(2)=z]e1



€C3

6C4
6(S

6c6

2344

296

2903
2203

10=1S(2) 1

180=1ISN(2)¢1

GG T0 501

JSUBLA=T+L

I18=JSUBUY
JSUBUN=JSURLN+JSUBU~-JSUBL
188=JSUBUN

CONTINUE

GO 10 S04

ISN(1)=Te2

18=21S(1)

I8e=1ISN (1)

GO 70 505

IF(IS(3).NELD) ISK(3I=Te2
IFLIS(3).EQ.0) NPTS=[e}
NP=NPTS

IFLIS(3).EQ.0) GO TN 22C3

I10=1S(3)=ISN(D)

ISS=1S(Y)

B0 23C4 K=ISS,NPTS

J=K=10

CALL SWITCH(J,K)

CONT INUE

NPTS=NPTS=-IN

NPzISNI3) -1
IFLISUL.EQ.0) GC TO 29703

J2=2

JZIC=JSUEL-1

JZI2YSUBLN=}

J2I=J421e4

JZ10sJ21Ce.
IFLJZILEC.JSUBUN) GO TO 2903
186s 421

18=J210

GO T0 5932

CONT INUE

00 22C4% I=100T NP

Jesl

K=1

X (J)=XN (1.4)

4 (JI=YN (1 4]

Q (JI=0N (K)

(4 (J)sf NIK)
7 (Siz? NIK)

L] (Jiek NIK)

R tJ)sh NEK)

Ev (JISEM  N(K)
™ (Ji=TH  NiK)
a8qQ (J1=80Q NIK)

113



w108
2204

6c?

1000

ace
901
902
903

910
912
9ChL
909
906
9c7

114

TAU (J)=TAU N{K)

psa tJ)=08Q KXY

GAM  (J)=GAN N{IK)

RHO (J)=RHO NIK)

XMU  (JI)sXMU NEK)

CPX (J)=CPX N(IX)

DCPX (J)=0CPXN(K)

0TAU (J)=0TAUN(K)

XMASS (J)=XMASSH LK)
004108 JJ=1,NSE

H (JJedi=H NtJJe KD
cP (JJe J)=2CP  NLIJyK)
ALP  (JJeJ)=ALP N{SJe KD
DALP (JJeJ)=2ALPNIJJWK)
DDALP (JJ o JI=DDALPNIYIWK)
CONT INUE

GONTINUE

00 607 I=i4b
ISCIN=ISNII)
JSUBL=JSUBLN
JSUBU=JSLBUN

CONT INUE

IFCITYP,EQ.3) GO TO 903
FEC(YUNPTS)LEQ.YTP) GO TO 903
YQ=y TP

IF(YINPTS) . LE.YTP=1,%0SLTAY)VYQ=Y (NPTS)DELTAY

Ix=2

L=NPTS-1

Mai -4

IFCABSIPIM)I=-PILII/P(L)=0002) YC0+9006,6820
IFCABSCQINY ~Q (L)) 7QULY=.C0L) 901+9G1,800
IF(ABSET(MI=-TIL))/T(L)-,081) 302,902,800
IFCABSIALP IS sMI=ALP(S+L))=o0G1%ALPIS,L))
IFIY (1) .EC,YBOT) GO TO 9C?

IFIITYP.EC.4) GO TO 907

L=2

=3

LTV

TE 0 (*) oGE.VBOT+DELTAY®1,E-03) GO TO 910
YT=YBLT

60 T0 912

YTaY( /) =BELTAY
IF(ABSIPIMI-PILII /P (L) =.001) 90409040707
IF(ABSIOIM)I=QIL)II/Q(L)=.008) 905,905,207
IFLABSITIM)I=-TIL))/T(L}-.004) 306+90€,707
IF(ABSIALP tuoM)~ALPIL, L))~ D01 *ALP (YL
CONTINUE

IF(ITYP.EG.4) GO TO 2102

IFIY (1) NELYBOT) GO YO 23802

9¢3,903,80C

9C.+907,707
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18C0=18CCS
ABOD=APCCS
IPRESS=IPRS
APRE SS=AFPRS
21C2 IFLITYP.EC.2) GO TO 2103
IF (YANPTS).NE.YTP) 50 TO 2103
Jagh=yscces
€BOG=EBCLS
IPRESU=IPLS
APRESU=APLS
21C3 CONTIANUT
IFIV(1) . EC.VYBOT AND. ITYP,EQ.3) ITYP=1
IFEY (1) EC.YBOT . AND.ITYP,EQ.2) ITVYP=4
IFLYINPTS) LEQ. VTP AND.ITYP . EC. L) ITYP=1
IFIVINPTS) LEQ.YTP.ANDITYR EC.2) 1TYP=3
2121 GCNTINUE
IFLISUBLEC.1) RETURN
JSUBL=KPTS+]
JSUBU=KPTSe?
RETURN
END
SUBROUTINE RSET
COMMON/AL/GARLGEN
CCMMON/BAZALP(T+55) JEMINFLWINF
COMMON/ZBC/XMASSISS)
COMROMICU/Z"PLT 550 ,CPLIT) CPX(55)
CONMON/DPZYN(SS)
COPMON/EC/CPIN,RC
COMMONR/ZEF/ZEMISS ) GAMISS) 4 P(55), THIS5) ,¥Y{55)
CCMMON/ZEP/GAMINF ¢ HL (7)o QINF
COPMONZHPZALPNU7455) oCPN(T455) 4CPXNISS I JEMNISS) GANNISS ) HNI(T755),
ILePNISS) ANISS) s REON(S5) o RNISS5) s THNISS) s TNISS) JWNISS) XMUNISS)
COVMON/TR/THBP,YEP, YAPN
COMMON/ZPL/Z7HISS) , X(55)
COVMON/ZFC/JCHEMNSP, T (55)
COMMON/QAZHILT+55) +Q(S55) ,RHO(SE) ,XMU(SE)
CONMMON/RC/R 5%}
COMMON/SC/BANISS) sDALPNIT7+55) 4DBANISS) 4OCPXNISS) o DDALPNI7,55) 4
10TAUNISS) ,TAUNLES)
COPMON/TU/BQ(55) 4CALP(7,55) ,08Q(55)30CPX(55),00ALPLT+55) s0TAUISS),
1TAU(SS)
COMMON/VR/ZICONT s IEND . KT, THEPN X PN
COMMON/ZUV. NPTS,REXBP 4y X
00 5311C I=1,NPTS
THAIV=THN (D)
XC(I)=XBPN
YUII=YNLT)
QLI =QN D)
PLII=PN(])
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TUIN=TNLI)

RHOLT )I=PHCNI(])
EMCTII=SENNLED
ARUCTII=XPUNLI)
TAULI)=TAUNCD)
AQLII=PCN LI
oCPXELIN=CCPXNL]I)
OTAULIN=CTAUNIT)
DRGLTII=DECNII)
00439CJ=1» NSP

ALPLJ. IV=zALPNEJ, ©ID
DALPtJs I0=0ALPNLJY, I}
DoALP(Je. I)=DDALPNLY, I)
CPUJe IN=CPNLJ, I
HeJs 1)=HNCS, 1)

CONT INUE

WiIN=unL])

FLIY=RNC(I)

GAME 2)=6AFNITD
CPXLEI=CPXNII)

CONT [hUE

XJ1=1l.4XJ
IF(Y(1).ECelo) XMASSI1)=0.
N0 10 I=2.NPTS

YFUN= IV (IS (L= XJeVLIIOXJ) = VEE-10%(2o~XS0V(I-2)"XJND/XIL
RCAV=(RMCIIV*QLII*COS(THIII)* RHO(I=-1)°C(I=-1)2COSITH(I=-1))) /2,

XMASS(I)=XNASStI=1) +RGAV*YFUN
CONTINUE

00 ALCY I=1.NPTS

CPXx(I)=Ce.

CALL THERMOUTII)oM1,CPL)

00 8410 I4=1.NSP

CPLI4 I=CP1(INL)

HEleo IV=H1{IG)
CPXLII=CFY(I)+ALP(ILsI)*CPLIIN)
RHO(IV=GEW*WIII®PIL)/TII)
GAM(II=CPXIIN/Z(CPXET)=RIII/CPIN)
RI=1./R(1)
EMEIN=CUII"EMINF*SACTIGAR/GAMIII*RI/T (D)
IF(EM(II.LT.1.0G01) GO TO 8409
XMU(T)=ZRULEMITI))

CONTINUE

XBP=XEPN

YBP:Y (NPTS)

THEP2THINFTS)
IF(VYOPN.EC,YNINPTS)) RETURN
YBP=YBPN

THBP=THEBFA

RE TUPA

f':?mm“ PAg;
P08 qug
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END
SUBROUTINE SHEARLICFF,.VISO)
COMNOK/AC/IB0D,PIN
COMNON/BRZALP(7+55) s EMINF ,WINF
COMNOR/CI/ZCP L7550 ,CP1L7) ,CPXLS5)
CONNON/EF/ENLSS),GAMIS55) 4PIES) o THIS55) ,YI55)
COMMON/PC/ZICHEMNSP LT (55)
COMNON/ZGA/ZHIT 4550 s 01550 ¢RHO(55) « XMUL5S)
COMMONR/SC/AQNESS) +OALPN(T7+55) 4D3QNISS ) JOCPXN(55) , DDALPNIE7+55) s
10TAUN{I5S) ,TAUNISS)
CCPNON/ZTU/BALSS) ,DALP 7,51 ,08Q(55) OCPXIES ) DDALP (7,55} ,0TAULISS),
1TAULSSY
COMNON/NV/NPTS,RE +XBP 4 XJ
DIMENSION LOCS(8)
KKI=0
DO 100 xX=1.8

100 LCCStK)=C
LAST=NFTS
LAST1=NPTSes
LAST2=NPTS~1
¥ (LASTL1)=2.%Y (LAST)-Y (LAST2)
Q WAST1)=Q (LAST2)
T (LASTII=T (LAST2)
CPX (LAST1)=CPX (LAST2)
PILASTLI=PILAST2Y
THILASTLI=THILAST2)
TAU (LASTI=0.
80 tLASTI=0.
oCPX (LASTY=0,
00 6290 J=1.NSP
DALP (J,LASTI=0.

6290 ALP (J.LAST1)=ALP (JWLAST2)

00 62%2 x=2,LAST
DELY2=V (Ke2)-¥Y (K)
DELY1=Y (X)=-Y (K-1)
IFC(DELY2.LT.1.E~0€E.OR.DFLY1.LT.1.E~(H) GO TO 13012
SUMz=DELY1¢DELY2
RATIO1=CELYL/DELY2
RATIO2=0ELY2/DELY1
SU=1 « /SUN
RMR=RATIC1-RATIC2
TAUIK)I=(Q(K¢L I®RATIOL-QIK) *RMR=-Q(K~1) *RATIO2) *SU
00=1 ./DELY2
DTAULK)=2.%(Q(K¢1)SDELYL1®SU-0(K)*C(K=1) ®DELY2®*SU) Z/DELYL°0D
BOIKI=(TI(K*LISRATINI~T(K) *RMR-T (K~1) ®RATIO2)®*SU
0B0(K)=2.% (i (KILI®DELYL*SU-TIK) +TIK=1)*DELY2*SUIZDELYLI®0D
DCPX{X)=(CPX K¢+ L) ORATIOL1-CPX(K) *RMR-CPX(K~-1)*RATIOZ}®*SY
DO 6293 J=1.NSP
DALF(JeKIZLALPIJo K1) *RATIOL=ALPI JoK) *RMR-ALP(J+K=1)*RATII2I®* 5V
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6292

6293

163
11
102

reecy
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ODALP LS oKIZ2, 2 LALP LI K2 ) PDELY L *SU~ALP(JoKD ¢ALP U, K-1) SDELY2®*SU)
170€ELY1°CO

CCNTY INYE

GO 10 €292

KKI=KKIel

LOCStkKIN=K

CONTIAUF

TAU (1)=0.0

CYy=vit2)-v(1)
IFUIBCD.EC.1DTAULLI=CFFORECRNHO( ) *Q(L)®®2* 5/VISD

R0 (1)=d.C

OCPX (1)=0.

OTAU (1)=(Q (2)=C (21122, 7(Y (2)=Y (1))°9%2

IFC(IB0N.EC.1) OTAUIL1) =4.%(Q(2)~-C(1))/7DY®32=-2,3(TAU(L) +TAU(2)) /DY
1CTAULS)

NeQ (11=(T (2)~-T (2))1%2.71lY (2)-Y (1))°®"®2

IF(IBCN.EC.1) DBCULI=4.%(T(2)=-T(1))/70V*%2-2,%3Q(2)/70Y¢3BQ2)
DNE293J=1, NSP

CALP (4, 1)=0.C

CCALP tJs 1)=2.%LALP (Js 2)=-ALP (Js 1M7LV (2)-
1Y (1) )ee2

IFCINCO.EC1) DDALPIJ 1) =4, (ALP(J2)=ALP{J,1))/70V%82-2 30ALPJs2
1) /7CY+COALF(JI,2)

COATINUE

00 101 »=1,8

IFLLOCSIM) .EQ.0) GO TO 102

K=LCCS(¥)

t=1

IFUIN/Z2)%2.NE ) L=-~1

YNKzY (K)=-Y (weor)

BN (K)=2.%(T7 (K)=T (K*L))/YNK=R2 (KoL)

TAU (K)=2.,%(Q (K)=Q (K*L))IZYNK-TAU (K+L)

DCPX (KI=2.,%(CPX (K)-CPX (K#L))/7VAK=-DCPX (KeL)

DTAU (K)=2.%(TAU (K)-TAU (K+L))/YNK=DTAU (KeL)

DAQ (K)=2.%(8Q (X)=3Q (K¢L))IZYNK-ORQ (KoL)

DO 103 J=1,NSP

DALP (JeX)=2.%(ALP (JoK)=ALP (JoX¢LD)DI/YNK=DALP (J,K¢L)
DOALP (JoK)=2.2({0ALP (JoK)=DALP (JoK#LIDI/YNK=DDALP (JoKeL)
CONTINUE

CONTINUE

DC 7000 I=1,LAST

TAUN(I)=TAU(D)

|aNII =G ()

OCPXNCIV=COPX(])

OTAUNCI)=CTAUL(T)

DEON( IV =CPRQ(T)

DO 7032 J=3.NSP

NALPNIJ.1)=DALP(J,])

DDALPN(Jo I)=0DALP(YLI)
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7000 CONTINUE
NPTS=LAST
RETURN
END
SUBROLUTINE SHEAR2 (CFF,VISO)
COMMON/ACY 1600, PIN
COMMON/DR/IYNISS)
COPNONZHPZALPNIT 3550 4CPNIT7455) o CPANISS) yEMN(55) s GANNIS5 )4 HNFT , S5
ILSHPNES55).QNES5) RHONISS) +RNISS ), THNISS) s TNE55) JHN(55) » XMUN(55)
CONMONR/PC/ICHEN+NSP, T (55)
COMMOK/SQ7BANISS) +DALPNIT?,55) sDIANI55) ,DCPXANISS) , DDALPN(7,55) ,
1DTAUN(55) o TAUNISS)
COMMONZHV/NPTS (RE « NP o XJ
OIMENSICN LOCS(S)
KKI=0
00 10C x=1,8
10 LOCS(KY=C
LAST=KPTS
LAST1=NPTSe)
LAST2=NPTIS~1
YNCLAST1)=2.PYNILAST) =YNILAST2)
QN (LASTL)=QNCLAST2)
TNILASTLI=TNILAST2)
CPXN(LAST1)=CPXNILAST2)
PNILASTL)=PNILAST2)
THNCLAST1)=THNILAST2)
TAUNILASTI=O0,
BANCLAST)=0.
OCPXN(LASTI=0.
00 3001 J=1,NSP
DALPNIJ.LAST)=0.
3001 ALPNUJ+LASTL1)=ALPN(J,LAST2)
D0 6902 K=2,LAST
CELY2=YN{Ke1) ~YNIK)
DELYL=YN(IK)=¥N(K-1)
IFCOELY2.LT o1 E-DELOPJDELYL LT 2.E=06) GO TO 1301
SUM=DELY1¢0ELY2
QATIOL=CELYL/DELY2
RATIO02=0ELY2/DELYL
Su=1,.,/7SUun-
0n=1./CELY2
RMR=RATIC1-RATIO2
TAUNC(K)=(ON(K* 1) SRATIOL-QN(K) * RMR=QN (K=1 )SRATIO02) *SY
OTAUN(K)Iz2,®(QN(K+1 ) *DELV1*SU=QNIK) +QN(K~=1) ®DELY2*SU) 7DELY1°00D
FONIK)IZ(TN(K#L) *RATIOL=-TN(K) *RMR=TN{K-1) *RATI02) *SU
DOON(K) 22 .S (TNIK*1) SDELYL*SU-TN(K)+TN(K=1)SDELY2*SU) /DELY1®0D
OCPXNIK)I=(CPAN(K#1) *RATIOL-CPXN (K} *RMP-CPXN(K=~1) *RATIO2) *SU
00 4081 J=1.NSP
OALPNEJs KIS TALPNIJoK#1) PRATIOL=ALPNIJ oK) SRMR=ALPN(JoK=1)*RATIO2?

GINAL PAGE I8
g?poon QUALITY
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103
101
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1%sSy

DOALPNIJKIZ2, 2 (ALPNIJoK*L) ®NELYLI*SU=ALPN I K) +ALPN(JoK~2) *DEL Y2
1*SU) 7DELYL*00

CONTINUE

GO TO 6002

KKI=KK]Ie1

LOCSIKKI)=K

CONT INUE

TAUNCL)=G.0

V=Y . (2)=-¥YN(Q)

IFCIBCOLEC. 1) VAUNILI=CFFOPE*RHONLL)®*NAN(1) %22, 5/VISD
8aN(1)=0.0

ocPANI1Y=0.

DTAUNCL)=CONT2)=ON(L) ) %2, 7 (YN(2)~YN(L1))®e2

IF(IBCO.EC.1) DIAUNIL1)=6.%(AN(2)=CN(L)D)/70Y®®2-2 .5 (TAUNI1)+TAUNI2)
11 /7CveCTAUNC2)

0BON(1)=LIN(2)-TNIL))*2,7(YN{2)-YN(1))"®2

IFCIBOLECL1) DOONIL) =L *(TN(Z)=-TRIL1) D /CYS22-2,93QN(2)/7DY+DBQN(2)
004082J=14 NSP

DALPNEJ, 1)=0.C

ODALPNLJ, 1)=2,.%(ALPNILJ, 2)~ALPN(J, 1MVZLYN(2)~-
1YN(L) ) ®e2

IF(TOC0.ECe1) COALPNIJ1) =L P (ALPNIJLC)=ALPNI(J,1)) /DY 2822 3OALPN
10Je2)/7CYSCOALPNIJL2)

CONT INUE

00 131 m=1,8

IFILCCSIM) ,EQ.0) GO TO 132

K=L0CStM)

L=l

IFLEMI2)P2,NEL M) L==1

YNK=YNIK)~YN(KL)

SOANIKIZ2 P (TNIK)~TNIK*L) I /YNK-BQ NIKeL)

TAUNIKI=2 .2 (GN(KI-QNIKIL) I Z/YNK=-TAUN(K*L)
DCPXNIK)I=2,* (CPUNIK) =CPXNIK+L) ) Z7YNK=DCPXN{K ¢L)

DTAUNEIKY =2, *{TAUN(K)=TAUN(K®L) ) /YNK=DTAUN(K ¢L)

DBONIK) =2, {BAN(KI=ANNIKHL)IZ¥NK-DBQN(KeL)

00 102 J=1,NSP

DALPN I KI=2.2(ALPNIYJKI=ALPN(JK*L) ) 7/YNK=-DALPN{J, KoL)
DDALPAN(IoKIZ2., *(DALPN(Jo X =DALPNIJoK*L) I ZYNK=DDALPNIJK*L)
CONT INUE

CONT INUE

NPTS=LAST

RETURMN

ENO

SUBRQUTIAE LPOINTH(I,.OPTP)

COMMON/AB/EPP EPQLEPT

COMMONZAC/IBOO,PIN

COMNMON/ZAL/GARy GEW

COMMON/BAZALP(7455) EMINF 4 WINF
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CCMMON/RE/S12,820,530T

CCMMON/BC/GAMBPR QB RHCATHEHB, XMUB,YE
COMMONZCAZMO0TN(?455) 4 XNI5S)

CCMMONZCJU/CP(7,55),CP1LT7),CPX155)

COMMONZCKZWTMOLE(T)

COMMON/OP/YNLES)

CCMMON/ECL/CPINGRQ

COMMON/ZEFZEMLS5) 4GAMISS) 4P(S5) ,THH(55) ,Y(55)
CCMMONZEG/ZEIN, PRy XLE

COMMON/ZEF/GAMINF M1 (7),RINF

COMMON/FEZOFL

CCP»MON/CK/Z70ELX

CCMMON/HLZALPMHALRETA
COMMON/ZHMZALPNI7,55) 4 CPNI7,55) 4 CPUN(SS5) EMNI55) GAMNISS ), HN(74,55)
ILSsPNISS) 4ONISS) s RHONISS) +RNISE5) o THNEGS) s TNIS5S5) WNLISS) o XMUNISS)
COMMON/ZhN/ZCHC (2) oCPILT7) +CPXP(2) 4DALDIF(7),DALPBI(T) s DDALPB(T)DELS,
AEMPL2) HE (T I JHC (7)) oRP(2) 4 SIALT) 4S3BUT7)4SIDLT7),WDOTBI?I 4 XP(2)
COMMON/CEZALPBLY) oPHIISS)

CCMMON/ZPL/MISS) 4 X (55)

COMMON/PC/JCHEMNSP,T I55)
COMMON/ZQA/MI7,55) «N(55) «RHO 55D ,XMUIS5)
COPMON/CS/ZPHOP(2) oWDOT(7455) JHCOTCLT) o WP (2) ¢ XMUP(2)
COMMON/SC/BANIES) sDALPNL7,55) ,020N(55) ,0CPXNISS) DDALPNI7,55)
1DTAUN(SE) o TAUN(SS)
CCMMON/SS/ZALL,AL2,972,9C2,C2,C2,CH1,CH2,001,082,001.002.DT72,072,0V
B1oDV2+PXL4PA2sTAL9TAZ2 s THLTH,VL1,V24Y3,Y2
COFMON/ZTS/DVISB,DVISCIFS, MMM, VISB,VISC

COMMON/ZTUZBQ(55) 4CALP (7455) +DBQ(55) 4DCPXLSS) 40DALP(7455),3TAULSS),
1VAU(SS)
COMMON/ZTVZALPP(7,2) +BET4BQP(2) o CACHPI7,42) +DALPP(T,2),08QP(2),
19CPXP (2) ,COALPP(742)40TAUP(2) ,OTCHP(2) ,GCAMP(2),PP(2),QP(2),
2TAUP(2) s THP(2), 1P 12) o YO L 2)

CCMMON/UVZTITIL1, 1ERR,IPRESS, IPRESU,ISUE
COMMON/VT/ZDACK (74,550 o DTCHISS) 4, DVISO.VISE
COPMON/ZHY/ZNPTS o RE XSSP XJ

OIMENSION DACHOBLT)

KPPESS=(

L=g

Keleg

IFI(NPIP.EC.C.) GO YO 2000

K2l-1

IF(IFS.NE.2) GO TO 8500

IFLtMMMZ2)02,NE.MMN) GO TO 8SCO

EMIRZXM2 (ALPHAGBETA,THIT YoXMULT DoTHNCT ) XMUNIT ))
EMILaXM2IALPHALRETA, THIK Yo XML K PoTHN(L Do XMUNIT )

GO T0 68501

CONT T AUE

EMIR3 XML (ALPHALBETAWTHITI) o XMUCTI) o THNCT) o XMUNLIY)

TMIL2 XML LALPHAGBETA. THIK) ¢ XMULK) , THNL L) o XMUN(T))
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8531 CONTIMNUE
2000 CONTIAUE
¥Y8=(YI(KVSYLI)) /2.
KIPL=@
8372 CONTINUE
RATG= (YE=-Y(I)D/Z7 (VY IK)=-YLIDD
THO=THII) sRATG®*ITHIK) =TH(]))
XMURZXMU () eRPATG® (XMU(K) -XMU(I))
EM2=XM2 (ALPHA 4 BETAs THO S XNUB 4 THN (T o XMUNLI))
IFLOPTP.NEL o) EM2=EMILGPATGRLEMIR-EMILY
vaT=ve
XA=XAF
YR=YNCIV-EM2°DELX
TESTY=(YE-YRT) 2(YIK) =Y (I}
IF(ARSITESYY) LT.00J1) GO ° 4371
KIP4=KIPL+1
IFIKIPL.LEL2C) GO TO 8372
WRITE (€,9191)
9191 FORMATI1K1)
WRITE te,2C27)
2020 FCOMAT(SEM UNAALE TO LOCATE Y LCCATION CF CHARACTERISTIC IN LPOINY
10
stToP
8372 RATGC=(YR-Y(I})/(YIKV=Y(I})
G4 THAZTH{I) SRATGO*LTHIK) «TH(1))
NB=Q( IV eRATG* (Q(KI=Q(]1Y)
PEzP{IVeRATG*(PIKI=-P(]))
TT=T(I)¢RATGO®(TIKI-T(I))
TAUBS TAULI) ¢RATGO{TAUIK) =TAULI))
80P2B8C(1IY+RATG*IBAIK) =BOIT))
DCPXB=OCPX(I) ¢+RATGH(NCPX(K) -DCPXLIN)
DTAUR=DTAUCII+RATGS (DTAU(K) -CTAULT))
08Q8s0BQ(I)¢RATG* (03Q(IK)=-NAQ(T))
DYCHP (1 )20TCHILI)ISRATG2EOTCHIK)I=NTCH(I))
NTCHB=(CTCHP (1) ¢OTCH(IV)®,5
cPx8=C.0
WB=0,C
CH20=C.
CHeBs(.C
CALL THERMO(TT,HE.CPR)
004060J=414 NSP
ALPBLJIZALPLY, TICRATGH(ALP(JoKI=ALP (Y, IN)
DALPB(JISDALP(J I eRATGHIDALP(JK)=DALPJLIY)
CDALPB(JISDDALP LJe DI +RATGHIDDALP (JaK)~DDALPLUSLIN)
CH20aCMH2C+BALPLJy T)CCP LY, I)
CM2BsCH2E+DALPRIJI®CPBILJ)
CPxp=CPXEsALPALII*CPB LI
WRsHOB+ALPRLJI ZNTMOLELYDD
WOOTB (JISNAOT (Je3ISRATGRIHDOT (JeKI=HWDOTLJWI)?

ORIGINAL PAGE
OF POOR QUWS
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DACHH=D ..CH(J» I) +RATG® ({DACH{JoK) ~DACHLI I
DACHB (J) = (DACHN*DACH I JoI) ) ® .5
OACHP {J+ 1 1=DACHH

CONTINUE

Wa=1./u8

RB2RO/WE

GANB=CPXB/(CPXB-RB/CPINY

OR=1./R8

RHOB=PB*KB*GEN/TT
EMB=QEPENFINFOSQRT(GAR/GAMB®OR/TY)

XMUB=ZNU (ENB)
IF(DEL.EQ.0.) GO TO 8392
Y Pi1)=Y

X Pl1d=X

Q PL1)=Q

4 Pli)=p

L Pt1)=TT
L} PlL)=w

R Pll)=R
™ Pll)=TH
EM PI1)=EN
ea P1)=eQ
RNO P(1)=RHO
XNU P(1)=XNU
CPX P1)=CPX
GAW P{1)=2GAN
TAU PtL)2TAU
080 Pi1)=08BQ ©
DTAUPI1)=0TAUS
oCPXP(L)sCCPXE

00 3939 J=1.NSP

ALP PlJl)=ALP RLJ)
DALP PlJo1)=DALP B(J)
DOALPPLJL1)=00ALPE (Y)Y
CONTINUE
IFCBETALNEL0.0)GOTO0LO 70
TAUN(Z)=TAULT)
8aN{2)=80 (1Y
OCPXN(I)eDCPX (1)
OTAUNCII=DTAULD)
TNIZ)=TLI)2DTCHIT)
WNLTIsHL])
osantl)=cCBalY)
CPXN(I)=CPX(E)
CN2C=CH2D

006071J%1, NSP

OALPNIJe L)=DALPLYLI)
ODALPNLJs LI=DOALPLIV D)
HCLJIsNLI I)



uers
4070

4073
072

WOOTCtJI=W0OTNIY, I
CONTINUE

GONT INUE
IFC(BETB.EC.040) GO TO &C72
CH2C=0.0

00 4073 J=1.NSP
HCLJI=MNLS- 1)
WOOTC (JI=WDOTN(JLI)
CH2C=CH2C+DALPNI Y, TISCPNLJI.])
COMNTINLF
viz=vIsS8

v2=visC
ovi=9vise
cv2=nviIsc
YA1=TAaye
TAR=TAUN(])
NY1=0TALE
DT2=0TAUNL])
1Q1=8CH
AQ2=8CN(])

Yi=ve

Y2=YN(I)

TH1=ThHB
TH2zTHNLI)
S1IR=S1IXJLRE)
Ci=CPX8
C2=CPUNLI)Y
n8i1z=0eGQe
£82=0€CN( 1}
Px1=0CPx®?
PX2=0CPXNCT)
CHi=Cr28
CH2=(CH2C
IF(DEL.ECedor 02
S28=2S2(XJRE)
Vi=V1ISO
ovi=DVISC
TAt=TAULI)
0T1=DTAU(])
8Q1=00¢(1)
Yis¥({I)
THiIsTH])
S102S1(XJ4RE)

GO T0 Sé

$283S2 (XJHREY
IF(DELEC04) 200
VisvIsSh
OVi=0VISD
Ci=CPX(1)

124
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60
61

7254
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8Q1z8CHL1)

De1=NEQLI)

TAL=TAUCT)

THi=TH(T)

Yi=v(I)

PX1=DCPYL]I)

CH1aCK2D

§20=S2(XJ.RE)

s3er=0,

S307=C.0

DOLI75J0=1, NSP
AL1=0ALPR LY
AL2=0ALPRIJHL)
001=N0ALPE(J)
DD2=00ALPNIJ L)

vi=v1ise

0ovi=DVISe

0Q1=8G8

TH1=THB

Y1=Y8

S38(J)I=SI(XJRE)
IF(DEL.EC.0.15,8

Vi=VISD

ovi=0viISC

AL1=0ALPCGJ, 1)
001z00ALP LI, T)

8Q1=8C(1)

THL=TNLT)

Yisv(l)

$30(J)sSIIXJIRE)
S30T=S30T4S30(J)/7WTHOLELYY
S3687=530T4S30CJIZ7NTHOLELY)
CONT INUE

IF(DELLNELDW) RETUPN
B1=FL(D)

DUN=Xy

118a3

YAX=YBOYN(I)
IFUYAXILT o1 sE=0E.ANDo XJNEs D) [15=1
XxexJ

IFLIL5.€0.1)604612

XJsl.
82=F2(1,51B.820,538T)
X=X X

IF(UCHEM.EQ.L) GO TO 7254
0320,

60 10 7257
TPi=(T(I)eOTCHIL)OTT) V2,
B3sFI(TPLoOTCHByTToTNITI) ¢ THOTHNITI) ¢ DACHBIHBLWNII))

FpoOB Q‘m“
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7257 OPTVT=1,
IF(OPTP.NEL D) OPTT==-1,
BL=Fl (BETAy=OPTT o XMUB 2 THB  XMUNII) 4 THN(]I))
B82=(B2+083)%8B4
IF(OPTP.NE.O.ANDLIPRES U.EQe0) GO TO 744l
IFC(OPTP NELD . AND.IPRES U.EQel) GO TO 7482
IFLIBCD.EC.1) GO TO 744l
IFLIPRESS.EQ.1) GO TO 7482
Ax=1.
IF(I15.EC.0) GO TO 100
AX=sXJ®SIN(XMUB) 7SIN(THR=XMUB)
IFIBETAGT0.0)AXS(AXSXJ*SINIXMUNCIN)
17SINCTUNCI) =XNUM LIV DS, 5
AXz1.-AX
1€0 CONTINUE
PN(I)=PE~-(THBSAX+B2* (XN(IV~XB)) /0%
GO TO 7445
7482 CONTINUE
KPRESSsKPRESS*}
IF(KPRESS.LT.,6) GO TO 3232
IERR=74,82
HRITE(65+3434) TERR I THNIII PNUIIJYNII)THEB,PR,YB
3131 FORMAT(215,6F13.5)
sSTOP
3232 THOUM=THNIT)
KIP4=(
THNCI )= THBSOPTTCOLSIPN(I) =PRI ¢0PTT®R2% (XN(T)=XB)
IF(ABSITHR(I) =THOUM) .GT.1.E=04) GO TO 8372
YNCIVSY IV 0 SO (TANC(THIIDIITANCTENITY) )SDELX
GO TO 7448
Thbh PNEI)=POOPTTR*{THN(I)=THB) /7BL=-02/701% (XN(L)=XB)
Tht8 CONTINUE
IFIABSIPNILY=PIL) ). LEEPP)Y PNILI=P(L)
DELS=22,2 (XNCIV=X(X) D/ (COSETHIZ))I+COSITHNLIN)
TERM2=RHOII) *Q(])
IF(OETAGT.0,0) TERM2a (TERM2+RHONIT)
1%QN(IL)IS, 8
OT=s4,/YERM2
QON(IVIS(SICPDELS=PNIT)+P(I))*0T0(])
IFLABSIANILI=QEIL) ) LELEPQ) QNIL)=G(L)
IF(BETAEC.0.00CPRNIIISCPX(T)
OTCHEMSDTCHIZ) ¢ (PNIIY-P(I) ) *(QN(I) QLI Z7(CPXIZ)¢CPANLI))SEIN®OT
OTOIFFaS2CC0ELS* S IN®2,7(CPX(IV4CPXNIL))®QT
INC(Z)=T(I)*DTCHENSDTDLIFF
IFCABSITNILI=TIL) ) LELEPT) TNILICT(L)
CPXN(I)=0.0
WN(I)=0,.0
CALL THERMOULTNEI) oHL,CPL)
004080JmL, NSP
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OALDIFtJ)=S3D(J) *DELS/TERM2
ALPNCJy 1)=ALP LIV 1) +DALOIF(J) +0ACHII, 1)
HN(J I)=K1(J)
CPN(JIN=CPL L)
WN(I)ZHNLI) ¢ALPNEY, T)/ZWTMOLELY)
CPXNLI)=CPXUNII)+ALPNIJy I)®CPN(Jy I)

%080 CONTINUE
HNEI) =21 ./70NLT)
RNIII=RC/ZUNLD)
GAMNI(IN=2CPANII) Z({CPXN(IV=RN(I)/CPIN)
OR=zi./RNLI)
RHONCIV=PNCT) SUNITI) ®*GEW/TNII)
EMNCII=AMNII) *EMINFOSQRTIGAR/GAMNL V*OR/TNLT)Y)
XMUNCI)=2PULEMNLIIY)
PETURN
END
FUNCTION CERY(X14X24X3)
COMMON/GR/DELL,0EL2 RATL,PAT2,SUM
DERY=(X1%RATL=-X2®% (RAT1-RAT2)=X3*RAT2)/SUM
RETURN
END
SUBROUTINE THSSSITHSS)
COMMON/ZAX/JISUBL »JSUAY
COMMON/EF7EMNI55) 4GAMIS55) 4P (550, TH(S55) 4,V (55)
COPMON/CR/DELL+0EL2+RATLI RAT2,SUM
CCMMON/RS/ZGPMSoPSsTHS o THSL, THSU
JSUBP=YSUEUeY
JSUBM=ySLEU~-Y
CALL SMEAR(JSUBP,ASHL)
CALL SHEAR(JISUBU,ASH2)
CALL SHEAR(JSUBM,ASHI)
€MsS=0,
DEL2=2Y(JSLBP) ~Y (JSUBU)
DELL=Y(JSUBU) =¥ {JSUBM)
SUM=DEL2+DELL
RATL=DELL/DEL2
RAT2=CEL2/DELY
AYSDERY [ASHL g ASH2ASHY)
COSTH=COS{THIJSUBUY Y
TERPL2=AYSCOSTH
EmMY=DERY (EMIJISUBP) » EMLJISUBU) oEMLISUBMY)
TANTH=TAN(THIISUBU) )
EMNNSENY/COSTH-EMSSTANTH
GPM=GAMIJSUBU) *PLUSUBUY *EMLJSUBL) B2
TERM2=2,COSTHOEM(JSUBU) *ENNN®PS
GPMY=[ERY (GAM(JSUBP) *P(JSUBPI SEMIJISUBP) ®82,GPNyGAMIJSUBM) *P {JSUBM)
LPEN(JSUBN) #82)
GPNN2GPMY/COSTH=GPNS® TANTH
THYe DERY (TH LISUBP) o THIJISUBU) o TH (JSUBM)Y)
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THNN= THY/20STH-THS®TANTH
TERM3I=GFMNCCOSTH® THNN
TERMU==GPMSPCOSTHOCOSTH® (EMLUSUIU) *%2-1,)2THS
THSY=DERY (TUSU, THS, THSL)
TERMS=GPN®SINITHIJSUBU) ) *THSY
THYP=(0ERY (THIJISUBP1) o TH(JSUBP) , THLJISUBUY)
THYLZCERY{THLISUBUY 4 THLJSUBM; s THLYSUBNM-1))
THNNP=THYP/COSTH-THSU®TANTH

THNNL =THYL/ZCOSTH=THSL*ANTH
THNY=CERY CTHNNP, THNN, THNNL )
TERMNG3=GPMOCOSTHS THNY

D=GPMS (EV LYSUBUIS*28COSTHOCOSTH=~1.)
XNUMzTERFLGTERM24+ TERMI*TERMG+TERMS+TEKME
THSS=XNUP/ZD

RETURN

END

FUNCTION 2MULEM)Y
ZMUSATAN(1,0/7SORT(EMSEMN=1,.C))
RETURN

END

SUBROUTINE THERMCITI,H.CO)
CCMMOR/ZEC/CPIN,RO

COMMON/HK/RCO2, RH20,WFUEL
COMNON/TH/TIN

OIMENSION WTMOLE(9)

NDIMENSICN HI7),CP(7)

DIMENSICN QU9),AP(9)
WTNCLE(1)=1.098

WYMOLE(2) 21640

WIMCLE (3)24R,01¢

WTMOLE (L) =2,020

WTMOLE(5)=232,0

WTMOLE(E)=17,0008

NIMCLE(7) 228,014

HTMOLE(8) =kt 02l

WTMOLE (9)=wFUEL

T=aTI®TIN

C1=R0O/CPIN

C2=C1/T1IM

00 40 J=1.9

Hi=C2 /7KW TNOLE (J)

H2sCL/7NTMOLEtS)

CALL COEFF(JoToA989CeDeFyFoe0)

QtI)2TO (AT (8% ,54TS(C/3,¢T% (D%, 254E%.2%T))))oF

atJi=ClJ)*M1

APLJY =AITH(BeTS (CoTS(DsESTI))
APLJY=AR (J)OH2

CONY INUE

H(1Y=sQ(4)
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HE2) 2C12)
HE3)=RH20 _(3)+RC02°Q(8)
NI =QC4D
¥ts)=Q(s)
N(6)=Q6)
M =a(?)
8¢2)=AP(1)
CBI2)=AP(2)
€B(3)=RH20°AP (3) +RCO2°AP(S)
CBLu)=AP (&)
CB(S)=AP(5)
CB16)=APLE)
CBLTI=AP(T7)
RETURN
END
SUBROUTINE TOLUTXoTEMPY XY oN)
DIMENSION X€1)oV(1)
00 10 JS=1.N
IF(TX=RJS)) 8,9,10
J6395-1

TENPY=Y(J6) ¢ (Y LJ5)=YIJ6) ) SLTX=X(JEI D/ (X(JS)=X1I6))

GO 70 11

TENP Y=Y (JS5)

60 0 11

GONT INVE

RETURN

END

FUNCTION XMA(ALPHACBETA,TA:XAsTCo XCH

AHISALPHASTAN/ TAOXA)

FF(BEVALGT00) AMI=XNL¢BETA®TANITC #XC)
RETURN

END

FUNCTION XM2(ALoBeTA¢XAyTCeXC)
ANZ=ALOTANITA=XA)

IF(0.6GTe04) XH2=XN248% FAN(TC-XC)
RETURN

END

FUNCTION XM3(A98,70,TC)
XMI=ASTANITO)

IF10,GT.0..0) XNI=XNI+BCTANITC)

RETURN

€ND

SUBROUTEINE HOCUSITIPL4ULoRHOL»ALPHASDX.L)
COMNONZAC/IB00PIN

COMMON/BC/IOCHEN
CGMMON/CA/HDOTN 74550 o XN (5S)
COMNON/GE/RADIROQ UINVISINF
CONMONZHEZDALCHET) yDTCHEM
CONMON/PRIALPHNNC7) o IF Ut L, PRES
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CONMONZQS/RHOP(2) +MO0TI7455) sHDOTC 7D o NP L2) o XMUPL2)

COMMOK/ZTK/TIN
DIMENSION ASAVELT) JHTMOLELT) 4 ALPHALT)
WTMCLEt1)=1,.0C8
NTMOLE(2)=16.
NTMCLE(3)=218,016€
HTNOLE $4)=2,016
HIMOLE(S5)=32.,0
WTRCLECE)=17.008
HTHMOLE(?)=28.014
TXX=T1
PXX=P2
uxx=y1
TERM=RHOL*UL
TI=TI®TIN®.001
PL1=P1/FIN*PRES/2116.
Ui=UtsulIn
DELTAT=4.E~7
DELTAX=ULSDELTAT
JER=INT(OX/DELTAX)
IFf (JER.EQ.0) JER=}
OELX=DX/FLOAT (JER)
TSAVE=TI
00 2601 J=1.7
201 ASAVELJYI=ALPHALY)
OT=DELX/LL
P=Py
0P=2116.789517.
RH=PSCP/TI®. .}
00 10 JERRY=1,JER
P=PL
oun=0.C
00 96 J=i1.7
9¢ OUM=0OUNSASAVE (S Z7uTMOLE (S
RHOI=RH/LUM
IFC(ICCHEM.EQ.O)
LHRITE (642500 TIsPoRMOIZASAVEDT»TNoALPHN
250 FORPATI® POCUS FROM HNCUS®,10€11.3/717X,10£21,.37)
CALL FOCUSETIP+RHOI,ASAVEDTLTN)
IFLICCrENL.EQ. D)
AHRITE(6:250) TIPIRMHOIJASAVE OV TNsALPHN
IF(ICCHENLEQ. D)
L1WRITE(6,232)
232 FORMATL//)
IFLJERRY.AE.1) GO YO 100
D0 110 J=1,7
110 WOOT (JsL)=TERM® (ALPHN I ~ASAVE(J) ) Z7DELX
100 CONTINUE
IF(JERRY.EQL.JERIGO TO 1¢



20
10

0

10
11

12

13

164

1%

TI=TN

0C 20 J=1.7
ASAVE (30 =ALPHNLY)
CONTINKUE

OTCHEM=(TN=TSAVE) *1(00./TIN

00 &€ =1,7

DALCHUJISALPHNLJ) ~ALPHALY)
HCOTN LS+ L)ZTERM® (ALPHN(JS) -ASAVE (J) D 7DELX

TI=TXX
P1=P XX
Ui=uxX
RETURN
ENO

SURROUTINE COEFF(I,TyR

IF(T-100001C,120,.2C

GO Y0

POOMTMOOOPOAN TMOOIPOOMNMOODPOOONINDOD D

2.8460849€ 03
4$.193211€6E-C3
=9.6119332€-C6
9.5122662E-09
2=3,2C93421€-12
==9,€725372E 02
==1.411785CE 30

Honud

¢ 70 &0

= 3.71899u46€E 00
==2.%167208€E-03
= 8.5837353E£-06
z=8.2998716€E-€9
= 2,7082180€-122
==1.05767G6E 03
= 3.9C8C704E 0C
T0 &6
= 4.1565016€ 00
==1.7266334E-03
= 6.,6982316€£-06
==44+5930044E-09
= $146233654E-12
==3,02887705 C&
==6.,061624EE-D1

G TO &0 -

= 3.€916148€ 00
==1.3332552E-03
= 2.€503100E-06
z=Q,7€88341E~10
2+«3,9772234€E~10
2-1.0€28336€ 03
x 2.2874983E 00

C 70 ot

= 2.5C00000€ 00

ORIGINAL PAGH 1B
oF POOR QUALITH
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16

17

18

19

20
21

22

OMMOOOPOATTMTMBODP>POIOTMO OD

L]
= 245470497€ 04
=-4L.6001096E-01

0 T0 &0

= 3.021889%¢ 090
=-2.1737249€-03
= 3.7542203E-06
==2.9947200E-09
= 9,07775647€-13
= 2.91373190€ 04
=z 2.€460076E €0

0 TO &0

= 3.023470AE 00
=-1.1187229€-03
= 1.,206€319€E-06
==2,1(35896E~10
==5,2%646551E~14
= 3.50852787€ 03
= 5.08253029E-C1L

60 TO 40
A=2,1701
8=1.0378¢£-02
Cz-31,87339€-05
0=6, 34592€~-09
E=~1,€2807€~12
Foelo8352€E¢00
6=10.6644

G0 TO &0
A=2,69125
8=27.64362€-03
C27.97754E~-06
0==4,29578€E-006
€E=5,03070E-12
F2=-5421.8¢

G=C.

G0 TO &0

GO TO (25926023921922¢279204028427),1

A
8
c
0
€
F
6
6
A

= 3.0036897€ 00
= 6.1187110E-04
2+7.3993551E-09
5=2.,0331907€E-11
= 2.4593794E-15
==3.5491002E 02
2«1 ,€481339€ 00

= 3,5976129€ 00

132
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26

25

26

27

28

DA POOITMOOE®

OMMOAOQDEPOOMMOOAPOOTIMIOVIPIONTMIOTD®POO M

= 7.8145603€-04
== 2.2386670€E-07
=z 4,2490159E-11
3=3,3460204E~15
==1.1927918€ 43
3.7492659E 00

0 TO &0

2.€707532¢ tO0
3.9317115€~03
-8,6351570€~807
1.1790853€-10
=2=€.1973560E€~15
=+2.9888994E 06
€.8838391E C9

0 T0 &3

= 2.85457€¢1E 00
= 1.5976316€E-03
==6,2566254LE-C7
= 1.1315849€E~-10
=-7.€60897070€E-15
==8.9017645€E+02
6.3902879€ o¢C
40

2.5000000€ CO
8.6

%8.0

Wil ou

6.0
0.0

2+5470497E Q4
==4,€001096E-0C1

o uouou

0 TO &€

= 2.53725¢7E 00
=-1.8422190E-05
=+8,8017921E-C9
2 5.9€63621E~-12
2=5,5743608€E~-16
= 2.9230007€ G4
=z H.9467942€ 00

0 TO &0

s 2.8895544€ 00
= 9.9835061E-00
2+2.1879904E~-07
= 1.9802785€E-11
2-3,8452940€~16
= 3.8011792€ 03
= 5.5597016E 00

60 TO &0
Az6,61293
B8=3,19229€-03

133
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C=z=1,2970€~06

0=2.0147€E-13

E==1.E7L3E~-14

Fa=l4 . 09G4LE DL

G==.7287¢

GO TO &0

A=3.16€941

8=41.02274€E-02

C=+3,085032€-06

0=6.77198€-10

Ez=4,5013%E-14

F==58645,.93

G=0.

RETURN

END

FUNCTION S2(XJ,FED

COMMON/ZEG/EINJPRXLE
COMMONK/SS/AL1,AL2,80Q2,802.C1,C2,0H2,CH2,002,082,001,002,0T71,0T72,0V
A1o0V2PX1,PX2,TAL,TA2 THLsTH24V12V2+.¥1,Y2
RPR=1, /PR
TERM1=¥1°C1®DB1L*RPReV2°C2*0B2*RPR
TERN2=C1°%0V1 *BQ1 *RPRe¢ C2°0V2%80Q2 *RPR
TERN3=(V1°8Q1°CH1+V2%8Q25CH2) *XLE*RPR
TERML={V1°BQ1*PX1L+V279Q2%PX2) *RPR
TERNS=(V1°TAL0%24y23TAZ®*2) % IN
IF(XJ.NEoCWu) GO YO 10

TERM6=Q.

G0 10 2

YT=v1°v2

IF(YTLE.1.E-10) GO TO 20
TERNE=V1®C1°8Q1*COSITHL) /YL *RPR+V2%(2%802°COSITH2) 7Y2*RPR
60 TO 2

CONT INUE

TERMG6=2V1%CL*0RL *RPR4V2*C2"DRZ*RPR
S2=(TERMEFTERM2TERMIFTERMLLTERMS ¢TERME) JRE®.S/EIN
RETURN

END

FUNCTION S3(XJyRE)

COMMON/EG/EINLPRyXLE
CCMMON/SS/ALL.,AL2,B80248Q2,C14C2,CHL4CH2,081,002,001,0D2,0T2,072,0V
ALoDVZ oPXLoPX2,TAL,TA2THL,TH2,VL,V2,¥1,Y2
RPP=1 /PR

TERMiI=V1®C014v2°CD2

TERN2=DV1*AL1+0V2%AL2

IFIXJNELCL) GO TO 10

TERMP3I=0,

GO T0 2

YT2y1%yY2

IF(YT.LE.1.E~10) GO TO 29
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CONTINUE

TERNI=TERML

SI=(TERNI+TERM2+TERNI ) *XLESRPR/RE®,S

RETURK

ENO

FUNCTIOK F1(M)

COMNON/B0/7GANGPB By RHCB, THB W, XNUB, Y8

COMNON/ZNLZALPHA ,8ETA

COMMONZHNZALPNL? 455) o CPNIT 55D o CPANISS) ¢EMNISS) ¢GAMNISS ) o HN LT 2550 6
1L PNISS) cONISS5) JRHONTISS) «RNIS5) THN(SS) o TNIS5) ¢WNISS) o XMUNLSS)
RP=} , /PR

Fi=SINIXMUB)®COSIXMUB) 7/GAMBORP

RPN=1.7PN(N)

IF(BETAGT0)FL=(FLeSINOXMUNINM)D ) SCOSIXMUNIN) )Z7GANNIN) *RPN) *,.5
RETURN

END

FUNCTION F2C(N,S11,521.531)
COMNON/ZBO/GANE,PR,QAB,RHOB,THB,WB, XMUB, YD

COMNON/OP/ZYNISS)

COMMON/NLZALPHALBETA
COMNONZHNZALPNIT,55) oCPN(T74355) ¢ CPXNISS) JEMNISS5) GAMNISS ), HN (7 ,55),
ILoPN(55) ¢CNISS) JRHONES5) sRNIS5) s THNISS) o TNISS) 4, WNI55) 4 XMUN(5S)
COMROK/ZCAZHIT +55) sQI55) ¢RHOI55) 4 XMU(55)
COMNON/ZUVY/NPTSRESXBP o XJ

IFIXJe€EQe0.0) TERML20,0

IFIXJoNELOo) TERMI=SINI(THO) /YD

IFIRJeNEeCo o ANG.BETALGY o 0.) TERML= . S®(TERML+SINITHNIM) DZYNIM))
QS=1,708%%2

TERM2=S11/RH0OB®QS

SQ=1 ,7GN(M) 82

IFCEBETACT.0.)TERM2=,5 (TERM2¢S11/7RHONIM) *SQ)

Pi=1,/7P8

TERM3I=S21®(GANB-1,) 7/GANB®*PL/Q8

P2=4./PNIN)

IF(BETA.GT. 0. )TERHIZ, S*(TERMIS21*(GAMNINI=1,) 7GANNIM) *P2/7QNIN))
RQ=1.7Q09

TERMK=S3I1%HB/RHOB®RA

Q0=1.,7GN M)
IF(BETALGToDITERNL=2,5% (TERMLUSIL *UNIM) ZRHONIN) *QD)

F2s (TERMI4TERM2 -TERNI-TERMG)

RETURN

END

FUNCTIOK Fu(BoOPToXMUL, THL o XMU2,TH2)

FLsSINIXMNUL) /7COS(THL*OPT*XMVL)

IF(BeGT 0 IFL=(FLESINIXMUR) /COS (TH2¢OPTOXNU2)I® .5

RETURN

END
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SUBROUTINE HERMAN(VYN, OT+A+V¥+CI+88.CCySCALE)
OINENSION PCL10+10)oSHALBIL10)sQUL100AL10+10) Y ITIYNIT)CI ) FINKL
14

10
19

11
20

12
13

14
15

16

TINL=0T72.0

Tin2=07

T0=TINg®e2
T1z(DTe92-T0)%,5
T2=(0T933-TIN1®*TO) /3,0
T3=T0%,5

Th=TIN13T0/3.0

K=1

00 19 I=1,.4

00 10 J=1,6

Pl JI==A{1,J)"T3

PIKAL 4 J)==AlT1,J0)5TY

K=Ke2

Kz1

00 20 I=1.4

00 11 J=1.&
PilKeJobdz-A(L,J)®(TL)
PIKeL o 20 )==ALT,J) (T 2)
K=Ke2

J=1

00 12 I=1.8,2

S=1./SCALE
PLIJI=PlIJ)eTING®S
PlIsJob)=PlIoJeh)¢TQ*S
K=Je1
PUKoJISP Ko J) ¢ TIN2-TINL) ®S
PIKo J44) 2P UK, J04) 42,8 T18S
JeJed

CONTIRUE

00 13 I=1,8

Qt(I1=0.0

FINKILD=Y (L)

FINKL2)=Y(2}

FINK{3)=Y(6)

FINKLGL)=YL(Z)

K1

00 15 I=i.b4

00 L14J=leb
QIKI=CIKICALTI W JICFINK(II®ITINZ=TINY)
QK1 )=Q LK)

KaKke2

00 16 I=1.4

J=2%1

Q€S=1 120 )= D ¢CILII* (TIM2-TINMY)
QEII=QIIICT(II®(TIM2-TINY:)
00 202 I=1,8

a0 T
PO

o

o
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QtIY=20(I)r71.0E-5
00 232 J=1.8
262 PLIJI=P(1+J)V/71.0E-5
CALL CLEM{B8.SMALB.P.Q)
CALL SCLTY(SMALB,0T.CC+88,Y.YN)
RETURN
END
SUBRIUTIKE CLEM(MoX4B,0)
DINENSION AT(10.21),X(10)
DIMENSION B(10+100,D(10)
Miz=Nel
00 12 I=1,M
12 X€(I¥=C.0
DO 20C I=1.M
200 ATUI,*1)=C(]I)
00 201 I=1.M
€O 201 J=1.M
2N AT(IJ)=@(]1J)
DO 32 N=1,M
0=AT (AyN)
11=0
00 9 I=NeM
IF(ABSC(AT (I NI)-28S(0)) 9,9,8
8 0=AT(I.N)
I1T=1
9 CONTINUE
IFCIT=K)T7,7C
70 DO 71 J=N,M1
TEMP=ATIN,J)
ATIN,JI=AT(IT )
71 AT(ITJ)=TENP
7 00 40 I=1.M1
10 ATIN,T)=ATINGI)ZC
IFIN=N)S0,50,18
18 Ni=Nel
00 30 I=hi,M
0=AT{IyN)
D0 30 JsN.Mi
30 ATU(I JIZAT(IJ)=ATINGJI®O
32 CONTINUE
S0 X(M)=AT(M,Mel)
DO 65 N=2.M
NR=Mée ek
OsAT(NRy ML)
00 B0 I=MRM
€0 O=0=-AT(NR,I)®X(]I)
6% XINR)=0/AT(NR,NR)
RETURN
END



138

SUBROUTINE SOLT(SMALB.DT,CCeBBsY4YN)
DIMENSION SMALBIL1G) Y I7),YNIT)
TINE=0OT
TNX=TIMNE®*2
YNIL)=YCLDoSHALBEL) *TINECSNALB(5) *TNX
YNE2)=YL2)+SNALBL2)*T INES+SNALB(6) *TNX
YNEEI=V (E) ¢ SHALBL3) *T INE*SHALBI7) ®* TNX
YNESI=V(3)oSMALBLL)*TIMNESSMALB(L)*TNX
VYNCL)=CO-(YN(L1)¢YNIE) )® ,5-YN(3)
YN(S)=BO=-(YN(2)+YNIB) ¢¥N(3))*,5
RETURN
END
FUNCTION S1(XJ.RE) .
COMMON/SS/ZALL9AL2,6801,8024+C1,02 CH14CH2,0€1,082,021,002,071,072,0V
ALoDV2ePXLoPX20TAL e A2 s THLoTH29V14V2eY1,Y2
TERML=V1®DTLeV2®DT2
TERN2=DV1®*TAL+DV22TA2
IF(XJNEL0.) GO TO 10
TERM3I=0,
G0 10 2
10 YT=viey2
IFWYTLE.1.E~-10) GO TO 20
TERN3I=COSLTHL) *V1oTAL/V1eCOSITH2IBY2OTA2/Y2
GO 70 2
20 CONTINUE
TERM3I=TERNE
2 S1=(TERMIITERMN2¢TERMII/RE® .S
RETURN
END
SUBROUTIKE PUNCH
COMMON/AC/1800,FIN
CONNON/BAZALP LT ,55) JEMINF JWINF
COMMON/DE/BETB(4) +IS W)
COMMON/ZEFZ7EMLSS ) GAMIS5) 4PISS) , THISS) ¥ (55)
COMMON/EG/ZEINPROXLE
COMNON/ZFN/XKL + XK3 o XPOT
CONMON/HJ/Z/KOUNT o LLoNPT
COMMONZPC/ZALPHN(T7 ), IFUEL,PRES
CONMON/PQ/JCHENINSP, T(55)
COMMON/ZTH/TIN
COMMON/WY/NPTSRE +XBP o XJ
COMRON/XYZAPRSAPUS,DELTAYLEBODS, 100DS,INTACTY,IPRS, IPUS,ITYP,
1JBODS s MMAXSRHEAT o XK29 XKL o YBOT,YTP
COMMON/ZYX/ABODS s BPRESS,CPRESS
COMMON/Y2/78PRESUoCHEMFCoCPRESU,SMSUB,RTH,XSTEP
COMMON/2Y/AB800D,8800,C80D0,EBODFRODGBODs IAVE L IPUNCH ,JB0Ds KKKKK
RENIND 7
100 FORPMPAT(1€1S5)
101 FORMAT(OELD0.3)
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200 FORMAT(IS,5X+7E10.3)

2102 FORMATU7EL10.3,F10,.5)

103 FCRMAT(SF10.5)

10% FORMAT(7EL1.4)
WRITE(T+100) KKKKK oLC
WRITE(7,200) IPUNCH,XSTEP
INTACT=0
ISHOCK=0
00 1111 I=1.b

1111 IF(IS(]I).NE.O) ISHOCK=1
WRITE (7.100)NPTS NPT, ITYP, ISHOCK , MMAX o KOUNT

WRITE(7,100) JCHEM,IAVE, INTACT
WRITE(741C20XJs EMSUR,RTH, CELTAY,YBO0T, YTP,CHEMFC ,XBP
RO=RE/RTH

WRITE (7+104)RQAPRyXLE yEMINF s TINJWINF o PRES
WRITE (74201) XPOT o XK1o XK2 9 XK3Ie XKL
WRITEL7,200)1800S,A80DS.9800,CR0D
WRITE(7,200)J8B0DS.EB0DS.FB0D.GBOD
WRITE(7,200)IPRS,APRS +BPRESS,CPRESS
WRITE(7,200)IPUS,APYUS +BPRESU,CPRESV
IF(ISHOCK.EQ.0) GO TO S

WRITE(7,100) (ISII)sI=144)
HRITE(7.,101){BETBIIN, I=14&)

S CONTINUE

70 13 I=1,NPTS

A =P(IM/PIN
ALPT=ALP(7, 1) =ALP Lo I)%(1.~RHEAT)
ALPL=ALP (Ly I} /RHEAT

WRITE(7,103)V (1), sTHLT) LEMIT) & THLY)
WRITE (71060 ALP (L1010 ALPI2+I0oALP(3eI)sALPUIALP(SoI)ALP(6,I),ALP
17

10 CONTINUE

REWINC 7

END

SUBROUTINE INDATA

COMMON/AC/IBOC PIN

COMMON/AL/GAR.GEW

COMMON/BAZALP(T7+55) JEMINFHINF
COMMON/ED/XHASS (55)
CCNMON/ZCJ/CP (74550 ,GP1(T) 4CPX(55)
COMMON/CK/HNTMOLE(7)
COMMON/DB/BETB(4) + ISt &)
COMMON/ED/CPINGRO
COMMON/ZEF7EM(55)sGAMISS5)4PI55), TH(55) 4V (55)
COMMON/EG/EINIPRy XLE
COMMON/EP/GAMINF4HLIT) 4 RINF
COMMON/ZFH/XKS ¢ XK3o XPO T
COMMON/GE/RAD4ROOJUIN,VISINF
COMMON/GF70ELY CVISA, KOUNTO.VISA
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COMMON/HJIZKOUNT S LLoNPT
COMMON/HK/RCO2 :RH20,HFUEL
COMNON/OR/ THDBP . YBP,YBPN
COMMON/FL/HIS5) , X (55)
COMMON/PC/ALPHNIT Y IFUEL,PRES
COMMON/PC/7JCHEM NSP LT (55)
COPNON/GA/ZHIT7,55) ,Q(55) yRHO155) ,XM)(55)
COMMONR/RC/R(5S)
COMNON/TH/TIN
COMMON/UVZII11,41ERR, IPRESSy IPRESU,ISUB
COMMON/ZWY /NPTSIRE 4 XBP o XJ
CCMMONZUX/APRESS,APRE SU
COMMON/XY/APRS » APUS,QELTAY, EBODSe 1800S, INTACT 4 IPRS» IPUS,ITYP,
1JB0DS MMAX G RHEAT o XK2 o XKl o YEOT (¥ TP
COMMON/VYX/7ABODS 4BPRESSCPRESS
COMMON/Y2/8BPRE SU4CHEMFC,CPRESUSEMSUBsRTH XSTEP
COMMON/2Y/7A000+980DCB0D+EB00,FI0Co6GRA00 IAVEy IPUNCH ¢ JBOD» KKKKK
IIN=S
1sue=C
Xep=0,
YepP=10000.
THEP=( .
RIOSO .
IFUEL=Y
WFUEL=2.016
100 FORMAT(L16IS)
1C1 FORMATI(8E10.0)
4C6 FORMATITELL. W)
2C0 FORMAT(IS5X,7€10.0)
READ(IIN,10C) KKKKKoLL
READCIIN,200) IPUNCH,XSTEP
READCIIMNI100) NPYSoNPT,ITYP, ISHOCK,MMAXeKOUNT

READ(IIN,100) JCHEM,IAVE, INFACY
TFIKOUNT,LT.1) KOUNT=0
KOUNTCSKOLNT

WRITE(6+111) KKKKKoLL
111 FORMATEOHLIKKKKK =T5,8Xo0LHLL =137)
WRITE(6+112) IPUNCH,XSTEP
112 FCRMATIGN IPUNCH =232,5Xo7HXSTEP =2£10.3/)
WRITE(69113) NPYSNPTITYP, ISHOCK o MMAX
113 FORMATI?H NPTS =I34SXeSHNPT z12,5Xs6HITYP =12,5X,8HISHOCK =212,5X,6
tHMMAX =13/)
WRITE (6o114) JCHEM,IAVE, INTACT
134 FORMATION JCHEM =T2,5Xe6HTIAVE =212,5X,
18MINTACT =127)
IF(ITYPLNE«2. ANDS ITYPNE. L) GO TO 12
IF(INTACT,EQ.0,ANC. ISHOCK.EQ.D) GO TO 12
WRITE(6,9191)
9191 FORMAT(INMY)
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NRITE (6,102)

102 FORNAT(91H TYPE 2 OR TYPE & FLOWS MAY NOT START WITH SHOCKS OR HAV
6E SHOCKS COMING OFF SPLITVER PLATES/4L3H RECHECK INPUTS AND SUBMIT
1HITH PROPER TYPE)

STopP

12 CONTINUE

104 READCIING101) XJ, EMSUBIRTHyDELTAY,YBOT,¥TP,CHEMFC 4XBP
REASTIIINGL101) RELPRXLEJEMINFLTINJHINFPRES
READC(IING191) XPOTV,XK1¢XK2eXK3eXKL
READ(IXn,200) 180C,AB00,8800,C800
READ(IIN,200) JBOD,ED0D,FB0D,6BCO
READ(IIN,200) IPRESS+APRESS+BPRESS,CPRESS
READ(IIN,200) IPRESU.APRESU,BPRESU,CPRESU
IF(XBP.LY.0.) XBP=0.
J=!J0.S
XJz=J
HRITE(64215) XJ+EMSUBIRTHLDELTAYYBOT,YTP,CHENFC

115 FCRMATISH XJ =E10e3+2Xe 7THEMSUB =E10e302XeSHRTH =E1Ce3+2X+8HODELTAY
12€100302Xo6HYBOT =€10.3+2XeS5HYTP 2E20.392X+8HCHEMFC =E10,3/)

WRITE(6:116) REPRGALEJEMINF,TIN,WINF,PRES

116 FCRMATISH RE =€10.3,2Xe6MPR TEL1GCo3¢2XoSHXLE =E10.342Xs 7THEMINF =E1C

10302 eSHTIN zZE1003¢2X +GHHINF =E210.3+2X +6HPRES =€1d.37)
NRITE(64117) XPOT oXK1oXK29XK3I ¢ XKl

117 FORMATI(TH XPOT 2E10.342X¢5HXKL =E102342Xe5HNK2 =E10.3¢2XsSHXK3 =EQ
10.3,2Xs5HXKG =2E10,37)

WRITE (€,118) 1B0D,AB00,880D,C800

118 :0““‘7(7" 180D =12,2X46HABOD =€10.3+2Xo6HO80D =2€10.3+2X,6HCB00 sE1
10.37)

WRITE(6+119) JBOD,EROD,FBOQ.6800
119‘:0§H:‘|7V JBOD 312,2X¢6GHEBOD =E10.3+2X+6MFBOD =E1043+42X,6H6B0D =E2
« 37
WRITE(6,120) "PRESS,APRESS+BPRESS,CPRESS

120 FORMATIOH IPKLSS =I12¢2X¢8HAPRESS =€1J3+3+2X+8HBPRESS =£10,3¢2X+8HCP
1RESS =€10.37)

WRITE (6,121) IPRESU,APRESU,BPRESU,CPRESU

121 FORMAT(9N [PRESU 2]242Xo8HAPRESU =E104 342X+ BHBPRESU =EL10. 342X ,8HCP
1RESU =E10.3/)

411 1800S=1800

ABODS=AB0C

IPRS= IPRESS

APRS=APRESS

J800S=J800

£800S=EB00C

IPUS= IPRESU

APUS=APRESY

IF(ISHOCK.EQ.0) GO TO S
READ(IING108) (IS(I),I=1,4)
READ(IING101) (BETBLINoI=igk)
WRITE(B+128) (IS(IVeIrieb)



142

128 FORMAT(ON ISC1) =13,2X PHISC2) =IT42XeTHISL3I) =I3,2XT7HIS(L) =137)
WRITT (6+129) (BETH(INo1=1,4)
129 FCR:2T{10M BETER(L) =E10. 3'2*99“8573‘2’ S€10.392K e IMBETB(3) =E10.3,
12X.9n8ETBLH) =EL10.37)
S CONTINUE
00 310 I=14NPTS
READC(IINGLI01) YIIDPULINoTHLI)SEPIYINTLI)
READ(IIN 40L) (ALP(J 1) oJ=1,NSP)
20 CONTINUE
IF(ITYP.EQ.1)0G0 TC 4204
1800=0
J8co=0
IFLITYP.EQ.3) JEOD=24800S
IFLITYPL,EC.4) 1800=1800S
4201 RHEAT=1,
RH20=1.
RC02=0,
L2064 WTMOLE () =NFUEL
REz2RE“RTH
TERR=C
CALL COEFFI(S,TINyAZyB2Z2sCZ+0ZsMZ+F2+462)
CPIN=tAZ¢BZOTIN®C2ZOTINC®24DZ TIN®*3¢H2STIN®SL)ISRO/NTMOLE(S)
CALL COEFF(74TING2Z2,02,CZ+D2+HZ.F2462)
CPII=(AZBZO*TINCCZOTIN®S2¢DZPTIN®PI+HZOIIN®® L) *RO/HTHOLELT)
CPIN=.,232%CPING . TEB*CPII
RINF=RO/ZMINF
GAMINF=1.7(1.-RINF/CPIN)
RINFF=RCO/NINF
UINZEPINFOSOQRY(GAMINFORINFFeTIN)
RF=1 . 7/RINFF
RHOINF=PRES®RF/TIN
VISINFsRHCINFORUINSRTH/RE
GAR=GAMINFORINF
GENsGAMINFSEMINF®®2/W INF
EIN= (GAM NF=1.,) ® EMINF®S2
ENSz1 /7EMINF *82
FPINZ1 /GANINESENS
WRITE16,6898)
6898 FORMAT(//7/7748X31HP R 0 G R A M VIS=CHAR/Z/IOX:THH I T N
17742XW3NE M BEDDED S 8SONIC FLO W/53X:21HS P O
1 CK WAV E S/733X,63HA N FINTITE RATE He2-AT1
1 R CHEMLISTRY)
IFIXNJEQels) WRITELE,5610)
IFIXJeNECs) WRITE(H,5511)
IF(JCHEM,EQ.O0) HRITE(H,5612)
IF(JCHEM.EQal) WRITE(G6,5613)
5610 FORMAT(//7710X.34HYYPE CF FLOW IS TWO DIMENSIONAL)
5611 FORMAT(//7/710X,28HTYPE OF FLCW IS AXISYMMETRIC)
5612 FORMAT(L10Xo39HCHEMISTRY IS FROZEN)

v
0

' PAGE I8
ORIGINAL PAG
oF 1’003 AU
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FORMATCL10X024HGREMISTRY IS FINITE RATE)

WRITET6,560C) RTH

FORNAT(
110X, ?8HJET OR NOZZLE RADIUS (RTH) = E13.5+4H FT,.)

HRITE(645601) SHINFoUINs TINoPRESoRHOINF GAMINF ¢ HNINF oRE PR oXLE
FORMAT(/77/7200X+20HREFERENCE CONDITIONS/72GX420Hovrmcvanccscncnacnsy
110X, 18HMACH NO. (EMINF) = E13.5710X,16MVELOCITY (UIN) = €13.5¢
1 7H FT/SEC/10Xo19NTEMPERATURE (TEN) 2713.5.10H DEGREES K/710X. A7HPR
1ESSURE (PRES) =£13.509 H LB/FTS*2/7400 o4 BHOENSETY (RHOINF) =£13.5,
1124 SLUGS/FT®e3/10X,37
IHFROZEN SPECIFIC HEAT RATIO (GAMINF) =EL13.5/71GX,25HMOLECULAR WEIGH
1T (NINF) z2E13.,5710X¢22HREYNOLDS NUNBER (FRE) =E13.5/713X,21HPRANOTL
tNUMBER (PR) =£13.5/710X,20HLENIS NUMBER (XLE?) =£13.5)

WRITE(6,5602)

FORMAT(/7720X+15HOUTPUT HEADINGS/20X ¢ 15Heccoccsnsccacass

110X 9HX = XN/7RTH/10Xe 9HY ~ Y/RTVTH/10X.26HQ -~ VELOCITY/ZUIN/1OX,
119HT ~ TEMPERATURE/ZTIN/10Xo17HP - PRESSURE/PRES/1CXICHTH -~ FLOW D
1EFLECTION (RADIAMNS) /710X.16MEM - MACH NUMBER/1IX,20HRHO -~ DENSITYZ
1RHOINF/710X,19HGAN -~ SPECIFIC MNEAT
1 710X IIVXMASS -~ NON-OIMENSIONAL MASS FLOM
1 710X¢23HPHI - EQUIVALENCE RATIO/Z15X.

120HW < NCLECULAR MEIGHT//710X14HMASS FRACTIONS/Z1SX10HALP 1) - H/15X
110HALPL2) = 0/15X+12HALPI3) = H20/15X11HALP (L) - H2/1SXe11HALP(S)
1 = 02/715X.11HALPIE) -~ OM/715X431HALP(7) - N2)

00 1774 I=1,NPTS

X(I)=xapP

PLIN=PLI)®PIN

ALP (G sI)=RHEAT®ALP (4 I}

ALPIT oIV (1, =RHEATISALP (&I} ¢ALPL7,])

00 788 J=1.4SP

IFEALPIJoI) oL Tu1.1E=20) ALPUJI)21,.1E-10
ALPI7o1021e=(ALPLA LD #ALP (24 IDSALP(3 s INSALP L I)*ALP(S, 1) ¢ALP(6,])
b8 |

CONTINJE

00 8883 I=1,NPIS

CALL THERMOIT (L) ,H1,CPR)

CPX{1)=0.0

R(X)=0.0

00177€ J=1e NSP

CPLJ,1)=CPLLSD

HiJe1)zH1 WJ)

SPXLIISCPXITY¢ALP(J,TI)*CPLY,])

WEDI=WII)4ALP (I 1) ZNTNOLE (Y)

Wil =3.70L1)

RHOCI)=GEWSHLIII *P(IN/TL])

REI)=RCIN(T)

GAMIIVI=CPXCI)ZLCPXLT)=R(TII/CPIN)

Onz=1,7EMINF

OR=1,/R(1I)
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QEII=ENLTI®ON/SORTIGARZ/GAMILEI*OR/TLID)
IFLENCIVGTale)
IANUCII=ATANLL . /SORTCIEN(TI) #%2=1,))

CONT INUE

IFCINTACT.EG.1) CALL COWL

XJ1=1.4XJ

XMASS 11020,

00 1785 I=1.NPTS

IFtI.EQ.1) GO YO 1785

XJi=L 0N

YFUN= (YCID 2 (o= RIeVIIDONIY = YEI=-10%CL o =AJeY(I-2)®XJ)) /XKL
RQAV=(RHOCI) *QLI) *COSITHITI I e RHO(I-1)®Q(I~1) *COSITH(I-1)))/2.
XMASS{II=XMASSII-1) *RAAVOYFUN

CONT INUE

DELY= (YBP-Y (1)) /FLOAT {NPTS~1)

RETURN

END

FUNCTION F3LTPL,DTCoT1oTCoTHL,THC,DA4W1,HC)
COMNON/CK Z7UTHOLELT)

COMNONIGKR/DELX

GCOMMONZRLZALPHALBETA

DIMENSICK DALT)

NSP=?

ASALPUA

8=0ETA

TERMA=0TC/7{IA-B)STPL*B®(TL+TC))

TERM2=0,

00 10 J=1,NSP

TERMN2=TERN2+¢DALJ) /0 1 MOLELY)

CONT INUE

TERNS =A®N1+6°4C

TERMN2=TERNZ2®TERNS

TERM3I=A®CCS(TH1) ¢8°COSITHC)
F32-(TERML*VERNMZ) *TERMNI/ZDELX

RETURN

END

SUBROUTINE POCUS(TIPRESSIoRHOIALPHL 0T, TN)
COMMNON/PO/ZALPHALT ) o IFUEL+PRES

DIMENSION ALPHIUZ)oADCLC o200 CI(L00oVITILYNIZDLALPHALT)
DIMENSION TOL?Y o TALT) BLTILCUT) JDUITILEL7) 67V 2T
T0(1)=6.0

10(2)=6.0

T0(3)=0,.5

T0(L)=0.5

10(%5)=0.5

10(69=0.5

70€7)=0.5

T1(1)26.9

T112)=26,0
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T1139=3.02%9
T le)=4,0960
T1(5)=2.9282
T1163=3.€392
TPV =2.4800
q(1)=39.7055
AL21=2.5€7%
2(3)=3,5961
BlLt=27.6123
8es)1=1,7171
016) =3.3496
8(7)=2.,93043
Ct11=0.0
Ct21=C.d
Ct3)=,56486
Clu)=1.5999
Ci5)=.159%
Ct6)=.16192
Ci7)=.1531
De(2)=0.0
0t(23=C.0
DE3)=~31.7850
DlL)=-34,5288
BtS)=-1,08504
0t6)=1.3139
DE?)=-1.4976
Et1)=C,.C
€E(21=0.0
E¢3)3€,3€57
ElL) 30,9184
E(5)=2.5¢21
E(6)=4.3679
Et7)=2.,€6093
Gl1)=406,.5560
6(2)=29.177%
6t3)=-26.9024
G (L) ==8,.0688
G(5)=~,522
Gt6)=3,4213
G{T)==,5961
211 =.06€3
2€2)=1.0
2t3)1=2.13
2€(u)=,.126

? - )1=22.0
116'810063
2t71=1.7%
PSSSS=PRESSI
KASE= IFUEL

‘]F‘laO(ﬂR ‘il;lcﬂﬂ lS
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IFI(KASE .EQ.2) PRESS1=PRESSI®.35
IF(KASE.EC.3) PRESSI=.2%PRESSY
RHOI=RHOI*PRESSL/PSSSS
KTEST=0

€L0=1.0

0LTI=0.0

€PS=.801
TINEQ=1.38P25E-S*ELD
OT=DT2TINED
PO=PRESSI*1.01325¢6
RHOO=PC*1,9264465c~12
RHOI=RHCI®*.5154/7R100
PRESSI=1.0

=¥}

Hi=0.0

00 65 1I=1,7

IFET-T1C(I?) 62+61,61
HI=C(DCIDRE(TII TICALPHIIT) eN]
G0 TO €5

IF(T-TOLI)) 63:63.54
HI=(GC(II+BLIICTIALONI(TI) oH]
GO T0 65

HIZASUINIEIII®TICIII S (T=TOII) ) ®*2) SALPHI(]I) #H]

CONTINUE

SONTIRUE

JJJd = 25

JJI=@

T=7T1

TSAVE=Y

KOUNT=0

RKHO=RNOT

DELTA=0LT]

GAMMA=DTSOELTAML,

PRESS-PRESST

HeN]

Sumuy=0,

00 11 I=1,7

ALPHALII=ALPMIWDY
Y(ID=RHUOSALPHA(IIZZ(])
YN{I)=0.0

SunY=SuUBRYeviI)
OUN1=8,67031E-7°RNOJISELD
OUM2=CUNL*RHO0/16.
IF(ALPHA(3) 6T 1.E-10)0G0 TO 6
IFLALPHALG) 5T, 1.,E~10) GO TO 6
IFLALPHA(S) 6T 1.€E~-10) GO TO 30
IFLALPHA(2) .GTL1.E~10) GO YO 30

FS2(1.05E17%EXP "=25,/T7) )*{DUNLSEXP (=29,/T7)/T)

0521 . E16°DUML*RN. 0716,
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811 ~(F5%.5¢2,.%05%Y (1) )sSUNY

CC1=85%V (1) *o2%5unyY

CC=GANBAS(Y(2)+Y(1)%,.5)

C1=F5°CCoSUNY+CCY

AL12=DELTASR11

ODUN=CA/ALS
YNEIL)==DUNSIV L) ¢0UN) SEXP (AL1°%0T)
IFLYNILDLT.0.0) YN(1)33,.0

YNE,)=CC-YNIL)®.8

G0 70 99

IF CALPHALN) . T7.1,E-10) GO TO 6
IFCALPHA(1) .G .1,E-10) GO TO 6
FB=(S.0EL1E%EAP €(=30.3/T))*(OUNL°EXP (-30.3/T7)/T)

88=6 ,EL6°DUMNL*RHO0716 .
8112-(F8%,5+2,.°088°%Y (1)) SSUNY
CC1=88°Y(2)°Y . 1)%SUNY
00=GAMMA® (Y (2) ¢V (2)%,5)

C1sFa%88°*SyUNY+(CCY

A11=0ELTA¢B12

DuUM=Ci/A1L
YNELI==0Ure LY (1) +0UN) *EXP tA21°0T)

YNE2)=B88-YN{1)5 .5
IFI(YNI2).LT.0.0) YNI2)20.0
YNIS)=6B-YN(2)°*,.5

GO 70 99

GONT INUE

KOUNT=1

IFIKASELEQ.2) T=1.701.1007/7-,09487)
IFIKASE.EQe3) T=2,.70,786/T+,2381)

FLl=J . ELA%EXP (-8.81/7T7)°%0UML

F223 . EL1H%EXP (~4,C3/7T7)%0UNL

F3=3,EL4%EXP (~3.,02/77)%0UML

Fe=F3

8122 ,40E13%EXP (~,66/T)°DUMNL

8221, JELLOEXP (~2.497T) *0UNL
83=1,33E1S%EXP (-10.95/T)*DUML

B4=3 L 12E1CEXP (-12.51/7TI%0UNM]
T=TSAVE

ISAVE=T

IFIKASE.EQa2) T33.201¢.,05524°T

FE29,E6EL18%EXP (=62.2/T)/7T*0UNS

FT=8,00EL1E%EXP (=-52.5/T)/7T°DUM]

86=1.E17°CUN2

Or7=1.£16°0UN2

T=TSAVE

FSul ,85ELTOERP (=8S4,/T)/7T%0UML

F8=5,80CL2%EXP (=60.6/T)/TSDUNL

8S=4.€.6*0UN2

88=6,EL14°DUN2
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oUNLz (VE2) eV () ¢V(3D)®,.5

oUN2=(Y(1)eV(6) 2,54V (3)

DUN3SEY(1)%.5¢Y(6) eV (3)
OuNgz=FLIoY (L)% DUNLEBLIO Y200V (6)

DUNS=F2°Y(2) *DUM2+82° Y112V (6)

DUNG=F3*Y{6) *DUN2+B83°Y(1)°Y(3)
DUNT=FLOYISISY(6)=-B42Y(2)2YL3)
DUNS=(F29,5-87SSUNY)I*V(2) +B2°Y (5H)
OUNG=(F1®.5-@7*SUNYI®*Y (1) eB1°%Y (6)
OUML0=(F2%.5-01)°Y(2) +(B2-F1°.5)°Y{1)

DUMNg 1=(F1*,.5-B3)°Y{1)-F3%Y(6)
DUNL12=FL®DUN1-B83°Y(3) =F3%,5%Y(6)

DUNL 3=(FOOSUNYFLoY(1))°,.5
BUMLL=B6°Y (L) *SUNY-F3I*DUMS

OUMLS=2.°FL*Y{6)

DUML 6=SUNY®Y (1)

OUM]1 7=86°SUNY*Y (6)

812=0UN9-F2°0UN2

821=0UNEB=-F1*0UM]

B819=(F6-FS)*SUMY=F2Y (2)¢DUNM1L
N29=(F2-84)°Y(2)=-DUML 3

891=20UN12¢822-CUNBSOUMNL?

B27=SURYS (FT~F8/2.) *0UNLDeDUNLS
BT9LFE*SUNY-DUN11+(2.%B0=F2) Y (2)
B77==(CUNLLOSUNYRFP¢(F1%,5¢82)°Y (1) +(B14F2¢%,5)%YV (2)¢2.5%0UNLS)
8922-84°Y(3)

8222=SUNY® (2,%B8°Y (2) +B74V (1)) -1 °Y (6 ) eF2°0UN2-0UNL 34892
B11zDUNL12-FS*SUNY® 5= (F2%,5¢87°SUNY) ®Y(2)-82°%Y(6)-DUNL7~2.%05*0UN]1
16

897=DUNLL*DUNLS
899:0UN11~-(F1%,58Y (1) +FESSUMYSBLOY(2))
B71=~(DUMNL2+0DUNB+OUML T
872=2.%86L°Y(3)-DUnN9-F28DUM2

BL72SUNY®IF7=F5/2,) ~DUML0-0UMLL =2 . *FI®0UN]
CC1=DUMS-DUML+DUNGS (BE*Y(6) +85°Y(1)+B7%V{2) )*DUNL6
CC2=0UNML=DUNS=DUNT (BT*Y(1)¢0L°Y(2))*SUNYIY(2)
CC7=DUMLADUMS=0UMBS2, P0UNT+ (B6EOY(6)=-A7*Y(2) )*0UM16
CC9= DLME-DUNT-B6°Y(6) *DUNL6

@BsGCAMMAS (Y (5)¢ (Y 210V {B) eV (V) 2, 5)
CC=GANMAYLY (LD eV (3V2LYILIOVIE))®,5)
AD(1,1)=11¢DELTA-F1%ED

AD(L1,2V=012¢F2°CC

AD(1,3)281T7¢F3%CC

AD(1,4)=019

AD(2,1)=821¢F1%088

AD(2,2)=022¢DELTA=-F2°CC

AD(2+3)2827

AD(2,4) 2029

AD(3+1)=071¢F1%88
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AD (3, 2)=072¢4F2°CC
AD(3.3)=B77+DELTA-F3I*CC
AD(3,4)=079
ADCu4.1)=R9]
AD(Le2) 892
ADC4 s 3)=B97¢F3°CC
AD Q4 &) =R999DELTA
Clis)=CC1eFSOSUNYCC
CI1€2)=CC2+FB*SUrPY*B]
CIt3)=CC?
CItyL)=CCo
SCALE=0.C
N0 50 I=t.%
DO S0 J=1.4
S0 SCALE=APAXL{SCALEABS(AD(I.UM))
00 51 I=1+6
0C 52 J=1,4
52 AD(I+J)380(1,+J)/SCALE
51 CI(E)=CI(1)/SCALE
CALL HNERMAN(YNoDT4AD:sY4CI+B884CC,SCALE)
99 00 90 J=1.6
IF(YNIJ) GE.D0.0) GO TO 90
oT=0v%/10.
KTEST=KTESTel
IFIKTEST=3) 92,27,27
9¢ CONTINUE
oUMN=0 .0
D0 1 J=1,¢
1 CUNSDUMeYNLJII®*2(J)
RHON=DUMZ L. <ALPHALT))
YN(?)sRHONTALPHAL?Y 72(T)
SUMYN=20,.0
00 2 J=1,7
2 SUMYNz=SUNYNeYNLJ)
TT=PRESS/SUNYN
DO & Jxi,.6
& ALPHALJI=ZYNTII®2(J) /RHON
AN=0.0
BH=0.C
CH=0.0
DO 505 Is=i,?
IFATT=T1¢1)) 502,501,502
801 BH=NH-E(1)PALPHA(])®,S
CH=CHODITI)®ALPHACTY
GO 10 S08
502 IF(TT=TO(I)) 503,503,504
S03 SH=AN-0(I)®ALPHA(]I)®,5
CHsCHeG(IISALPHALL)
G0 10 S08%

ORIGINAL PAGHYY
OF POOR QUALITY)
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504 AN=AHCCILII®ALPHALD
BH=BHEALPHACTI SLC(TII*TOLIN=-B(L)®,5)
CH=CHeALPHALI)®IG(I)eCLI)®*TO(T) % 2)
505 CONTINVE
CH=CH-H
IF(AH) 507,506,507
506 T=CH/8W/2,
GO 710 508
SO07 T=(BHOSART (BH*BK-AHSCHI)Z7AH
S08 CONTINUE
IFLJI)31,31,22
31 ERR1=TT-T
IF(ABSITTZT=1.0).LE.EPS) GO YO 27
GAM1=GANNA
GANNA=,90°GANMA
130 GAM2=GAMMA
DELTA=(GANMA=1,) 70T
JJ=dJel
IF (JJ=JlJ) BheB84e12
8% IF (XOUNT.EQ.1) GO TO 14
T=TSAVE
GO T0 &
22 ERR2=1T-7
IFCABSITT/T~1.0).LE.EPS) GO TO 27
25 GAMNA2GAM1-ERRL1®(GAM2-GAM1)7(ERR2-ERRL)
GAML=GAN2
ERR1sERR2
60 T0 130
12 HRITE(6,43)
13 FORMATILHO,23N JJ IS GREATER THAN JJJ)
27 TN=T
00 28 Js=i,?
28 ALPHN(J)=ALPHALY)
DT=sOTOTINED
PRESSI=PSSSS
RETURN
END



